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Me science museums, watching science on TV, and 
inspiring teachers were important to my becoming a scientist. 
But reading books about how to do experiments and then actually 
doing them was the biggest thrill. | still remember my excitement 
when | was 10 growing huge coloured crystals in the kitchen = 
without any help beyond a few instructions. A few years later, 
there was this extraordinary sense of triumph when | tuned into 
the BBC with a radio set | had made entirely on my own. The 
programme was boring and the signal very crackly with an 
annoying whistling sound, Indeed, much of the time | couldn't 
understand what was being said through my crude, uncomfortable 
headphones. But | knew what | wanted to do in future. I've never 
admitted this previously = but | feel embarrassed that, when asked 
by an ageing aunt at a party what | expected to be when | grew 
up, | replied “a famous scientist”, 
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Science explains how the world works, and how life exists. 
Scientific discoveries have made our lives healthier and longer 
than ever before. Science give us understanding about where we 
come from, how we grow in our mother's womb, how our body 
functions, and how we can avoid illness. Scientific knowledge 
affects every aspect of our lives and our understanding of 

the plants and animals around us. And science starts with 
experiments. Doing experiments, seeing what happens as we 
explore the nature of things around us, is the object of this book. 


| hope you will enjoy these experiments. Many were those | 

did when | first got interested in science. Some of them were 
dramatic or exciting, others made me think. Occasionally they 
made areal mess = which didn’t always please my mother. Some 
experiments didn’t work at the first attempt and required practice 








and patience. But the experiments here tell us about the nature 
of things around us = or how we have improved our lives by 
harnessing energy and by making radios, cameras, and machines. 


Most demonstrations in this book require simple, cheap materials. 
Occasionally you may need an ingredient from a chemist, or 

a hardware store, A very few items may need to be found by 
searching online using a computer. 


But remember: all scientific experiments occasionally have 
unexpected results or cause surprises. All good scientists take 
great care to avoid doing things that are unnecessarily dangerous 
or that might damage other people. So when enjoying these 
experiments, it is a good idea to use rubber washing-up gloves or 
other protection for your hands. Everybody working in laboratories 
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takes precautions not to damage their eyes, and when working 
with fluids it is sensible for you to wear eye protection such as 
goggles, And where there are instructions in this book about 
taking special care, remember not to neglect them. 


lam sure you will enjoy these scientific experiments. And who 
knows, they may intrigue you so much that, like me, you end up 
wanting to be a scientist. 
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_ Take special care with any experiments that use an electric 
current. If an activity involves food to be eaten, make sure all your 
utensils and surfaces are clean. For experiments with moving 


parts or chemical reactions, it is advisable to wear goggles. 
In most cases it is obvious why you have to be careful, but if 


there is specific safety advice you need to know, we'll tell you. 





A guide to the time the 
experiment will take. 





The level of difficulty 
of an experiment, from 
green (simple) to red 
(quite tricky). 





- “ : . 
The authors and publisher cannot take responsibility for the — 
outcome, injury, loss, damage, or mess that occurs as a result 
of you attempting the experiments in this book. Tell an adult 
before you do any of them, carefully follow the instructions, 
and look out for and pay attention to the following symbols: 





You should have 
an adult present. 





WARNING! 

Pay extra attention when 
you see these symbols, 
You will find important 
advice on how to carry out 
the experiment safely. 
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gf ANG [= 1) c> T A i l YOU WILL NEED: 
a 
C +4 E , Dv = =? a (8 floz) water 
h exists in three states - solid, be ise ies» Bes 
mane into a gas, but if the Dish 
“When you boil liquid water it turns Into a 9° 
o nit . cold Ltee it turns back into a liquid, This technique 


is called distillation and can be used to purify water. 


Most of the matter on Eart 
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Mix four tablespoons of salt with \ : | 
the water. Stir until the salt has \~ ry 
dissolved. The salt molecules  ) om 
are now evenly mixed with the _ | Plasma ; 
water molecules. A mixture like | The fourth and final state of matter is plasma. 
this is called a solution. S sf y Plasma is similar to gas, but unlike gas it is so 





hot that it is ionized - the heat tears electrons | I 
off its atoms. Aurorae, like the one below, are 
caused by a solar wind (a plasma) from the 
Sun reacting with Earth’s upper atmosphere. 
Beautiful colours flash in the sky, normally 








#& Pour the solution into a saucepan. Set 
the saucepan on the hob or a camp stove. 
= 





Place a dish beside it and angle the pan lid 

















WA RNIN G! so that it is sloped towards the dish. Ask an adult close to Earth’s poles. 
a Oven gloves to handle hot to turn the heat on and let the water simmer. 
9s, 





SUCH as the saucepan I > 
7 pan lid, — 
Monitor the pan Closely and make ——— S 


sure the heat is turned off as 
SOON as all the water has gone 
from the pan, 








The salt cs lefXt Nn 
the pan after the 


eS SS WATE CVAPOLATES -nnnan-s 









g 
lid and cthanaes 
Back ato a liquid... 







@®& When there is no water left in the 
; pan, turn off the heat. The water 
has turned into water vapour (a 
gas), but changes back into water when 
it hits the saucepan lid. It trickles down 
the lid into the dish. The salt - a solid - 
is left behind in the saucepan. 







== ™ | “AS Seen YOU WILL NEED: 
‘ 7" Two plastic food containers with lids 
»* i ~ pin Water 
: TS ‘ | A ; Kettle 
Liquids and gases often get mixed up together. Cold water often has Freezer 
~ air dissolved in it, When the water is frozen, the air forms bubbles that 


make the ice cloudy. 
























container with cold tap 


water. Snap on the lid and ; - 
give the a 5 good A Boil some water and leave it to 
a 


: Half-fill the first food 
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, , |. Pour it slowly down the 
shake for 30 seconds to apg y 
| side of the second container. 3 Label the containers so 


mix airintoit. = 7 oh 4 ip Aaa = 
oS Boiling the water first and then me that you now which is __ S 
pouring it slowly like this reduces which. Put both containers Me 
the amount of air it contains.  s_ of water in the freezer and leave 
x ae ~ them overnight. 
TOP TIP a a SS SS ae 





If the water in |] 
eae aa nn eat a 
experiment might not work te “ae 
Impurities in the water might | 
make both blocks of ice look 
Cloudy, If you have a water filter 
try filtering the water first, : 


Air makes 
the ice cloudy eat a te eae tee et 
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HOW DOES 
THIS WORIC? : 


ee Molecules are closely 
packed and tightly 
linked in a solid 


---. Inaliquidthe molecules —_-==++- Gas molecules 
are loosely linked and can are far apart and not 
slide past each other linked to each other 


at st et 









The molecules of a solid are tightly packed together. 3 i ; 

When you heat a solid, its molecules vibrate more 3 
and more until they can move past each other and ‘ é 

the solid becomes a liquid. If you keep heating the 5 Bo, ; 5 


liquid, eventually it will reach its boiling point - its 
molecules fly apart and it becomes a gas. By cooling 


me stance, you can reverse the process and turn 2 <i> 


: ‘quid and then a solid. ‘Heating or cooling substances 
gas back into a liquid a changes their state 





a Lo meet 
IC I- BUIBI3I [- > en” 3! 
SF ium oe oe Glass or mug 
Kitchen tongs 


Dry ice pellets 


Frozen carbon dioxide is called dry ice, but when it ot 


melts it doesn't make 
froma solid to agas in aproc 
Put it to the test by making 


t SS Use kitchen tongs to place 
= a couple of lumps of dry ice 


in the bottom of a glass. 


a wet puddle. It changes directly - i 


Liquid soap or washing-up liquid 


ess known ds sublimation. 
this bubbly brew. 





20 mins 








nies iat 
ntainer, Don't put it in the fridge 


— | ; #%®& Use ajug to pour some ; 
ia cold tap water into the glass. ) WARNING! 
| - The water melts the dry ice, Ory ice is so cold that it 
causing carbon dioxide to fill the your skin, so never ; ’ ly 
glass and spill out over the top. bare hands, When than nae 
; e 
= : expands and could aa 
| Plosion if Stored in an airtight " 
| 


C ntéa..@ or washing-up liquid to t e 
3 \ re ed hi Ing-up liquid to the glass. nough and could blow 
| yi er a few seconds a tower of the door off 
od bubbles will grow upwards from the 


oT a “hoe te 
glass. It is safe to take a handful of 


HOW DOES Meedvice encabiey avith them. 
THIS WORK? 


A liquid has molecules that can slide past 

each other - neither as tightly bound together 

as a solid, nor as free to move apart as a gas. 

For a substance to exist as a liquid, it needs air 
pressure to hold it together. For some substances, 
the pressure on Earth is not enough to hold them 
together in the liquid state. When their molecules 
are heated up enough to turn to a liquid, they 
immediately fly off into a gas. This is known as 
sublimation. Carbon dioxide sublimes above 
temperatures of -78°C (-109°F). It can exist as 
a liquid only in pressures more than four times 
greater than Earth’s air pressure. When you add 
water to dry ice it heats up and sublimes more 
quickly. Adding soap makes the carbon 

dioxide gas form bubbles. 


as a } Add a few drops of liquid soap or freezer it willnot be kept cold 














































mae = YOU WILL NEED: 
MEGA BUBBLE 
b 4 = D a Cloth bigger than the bow! 


Water 
Once you've made a lot of small bubbles, why not try making pea liquid 
one enormous dry ice gas blister? You can make one with a nye elt 
Kitchen tongs 


bowl and some soapy water. 





AY® Halt-fill the bowl with water 
and use kitchen tongs to 
mm drop a few lumps of dry ice 


into it. Let the bowl fill up with 
carbon dioxide gas. 


10 mins 






up liquid to water in 
a cup and soak the 
cloth in it. 


: Add lots of washing- 
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#® Wind the cloth into a soapy rope, 
} but don’t squeeze the water out. 

I Lay the cloth along one edge of 

the bowl and then pull it across the bowl, 

from one side to the other, to form a 

soap film over the top of the bowl. 












an be purchased from 
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Dry ice ¢ i Asoapy bubble forms and 
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ine suppli i. | ; | 
ee the washing-up liquid Gib 910s bigger and bigger. 
bubble will pop betore It has grow" Zz ursts, the carbon dioxide 









r best results, try 
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Cc IY c T A | me WILL NEED: 





> | ss a Hot water 
= Pack of powdered alum 
Two spoons 
DT = Pipe cleaners 
Paper clip 
; ms and molecules that Pencil 
lid material made of atoms . 
A crystal iS aSO ted three=dimensional pattern. Some Paper towel 


red in a repe re 
Beis such as diamonds, take billions of years to form 


naturally, but this experiment makes crystals appear overnight. 





TOP Tip 


Supermarkets and pharmacies 
are the best places to look for alum 
Powder, It may also be Called 
Potassium alum Or alum potash 
Do not taste the powder or | 
the Crystal, as they are 
both mildly toxic, 





Pour hot water into the jar until it f% Bend your pipe cleaner M® Hook the other end of the paper clip 
: is three-quarters full. Drop in one A into whatever shape you 3 scan the pencil and lower the pipe 
tablespoon of powdered alum at mm like and then twist the I cleaner into the solution so it is 
atime, and stir with another spoon. —_ paper clip so that it forms an “S” suspended in the middle of the jar. Rest the 
Keep going until the solution is shape. Hook one end of the paper pencil across the jar’s neck. If the pipe cleaner 
saturated and alum begins to clip around the pipe cleaner so touches the bottom or sides, your crystal will 
collect on the bottom of the jar. that it is held firmly in place. not grow properly. Leave it overnight. 
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Z When you check the 
mixture the next day, alum 

crystals will have formed 

| on the pipe cleaner. Take the 

| pipe cleaner out of the solution 

: and dry your crystals on a paper 

towel. Why not make a few and 

use them as decorations? 


HOW DOES 
THIS WORIC? 


lf they have time and space to grow, most minerals dissolved 

in water will form crystals. The shape of the crystal is 

determined by the shape of the mineral’s molecule — the 

crystal grows by repeating that shape. More alum can be 

dissolved in hot water because the water molecules are 

moving fast, breaking the alum powder up quicker and 

creating more space for it to dissolve. As the solution cools 

overnight, it contracts a little, leaving less space for the alum La Wo om 

in the water. It gradually turns into solid diamond-shaped | pa The atoms in an alum 
crystals that are attracted to the pipe cleaner. Sl gle ee molecule are arranged 

in an orderly 3D pattern 
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f liqui 
Bubbles are very thin layers 0 
attraction, or surface tension, betw 
to shrink the bub 
You can make bub 


ISL_IES> 


d with air trapped inside: the 
een the liquid molecules tries 





ir insi s this from happening, 
ble, but the air inside stop ve raracle 


bles last along time by using a bu 


makes their surfaces strong and even. 


liquid with the water. Add two 

tablespoons of glycerine and 
five tablespoons of sugar. Cover 
the mixture with clingfilm and leave 
it to settle for a few days. 


In a bucket, mix the washing-up 
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a wooden rod or stick and tie the 

string tightly at one end. Thread 
the string through the metal washer. This 
weighs the string down and holds it 
open when making your bubbles. 


A To make your bubble wand, take 
= 





YOU WILL NEED: 


Bucket 

120 ml (4 fl oz) washing=up liquid 
1.2 litres (40 fl oz) water 
Glycerine and sugar 

Clingfilm 

Wooden rod or length of dowel 
2-m (7«ft) piece of string 

Metal washer 


@) fR 





#® Loosely tie the string to the stick 

about 20 cm (8 in) from the string’s 
I end. Moving this knot to and fro 
along the stick will allow you to adjust 
the size of your bubbles. 





01/09/2010 12:06 
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Milky madness 

Drop some food colouring onto a bowl 
of milk. Dip one end of a cotton bud in 
liquid soap and then hold it in the centre 
of the milk, just touching the liquid’s 
Surface. The food colouring races away 
trom the bud and swirls around. The soap 
weakens the surface tension of the milk, 
but it does so more in some places than 
in others, causing the colours to zip 
around and make patterns. 





Tie the loose end to the 
first knot you made to 
complete the loop. 
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TOP Tip 


If you want hy |] 
ge bubbles, it's 
important to leave the bubble 

mixture to brew at least 
Overnight, This is because the 


glycerine is viscous (thick) and 


takes q long time to Spread 


Properly through the mixture 


ay 


\ 








To make giant 
bubbles, soak the 
string of your bubble 


wand in the mixture. Pull it 
out slowly and swish it 
through the air. 





Walking on water 

Surface tension makes molecules on 

the surface of water “stick” to one 
another. Some insects, such as 
pond-skaters, can walk on this fragile 
surface. They can do this because their 
long hairy legs spread their weight over 
a wide area. They press so gently on the 
surface that they do not break through it. 
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HOW DOES 
THIS WORIC? 


Molecules inside a liquid attract, and are 
attracted by, all of the molecules around them. 
Those on the surface have no molecules above 
them, so they attract the other molecules on the — 
surface more strongly. These stronger bonds 
produce a skin-like effect called surface tension. 










Surface bond Molecule at the surface 








In a bubble, surface tension pulls the liquid 
surface tight while the pressure of the air stops 
the bubble collapsing. The soap spreads the 

liquid layer evenly, so there are no weak areas. 
Glycerine and sugar make the bubble stronger 
by slowing down the evaporation of the water. 












is pannn=- Air pressure 
a stops the bubble 
‘4. from collapsing 
Surface tension. = 7m 
pulls bubbles into 3 
a tight, round 7 
shape that holds 





the air in 
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LIQUID 
LAYERS 


at and sink = two orm 


Liquids can flo 
te out with the denses 


mix will separa 
objects dropped in will sink un 
dense than themselves. 







the glass and add a few 
drops of food colouring, 
then pour in equal 
amounts of treacle 
and cooking oil. 


Pour some water into 


| HOW DOES 
THIS WORIC? 


The density of an object or substance is how 
much matter is packed into the space it takes up 
(its volume). The amount of matter in something 
is its mass, SO to find the density, you simply 
divide mass by volume. A liquid’s density 
depends on the size of its molecules and the 
amount of space between them. Treacle has 
big molecules that are tightly packed together, 
making it the densest liquid. Water molecules 
are small but close together, so it sits in the 
middle. Oil is the least dense liquid because 
its molecules, though large, are spaced far apart. | 















ee 2° 


Treacle Water Oil 





ore liquids that don't = / 
tat the bottom. Any /_“) 
til they meet aliquid more |) 


YOU WILL NEED: 


Tall glass 
Water 
Cooking oil 
Treacle 
| ¥ Food colouring 
; ~~ Selection of small objects 


— 
, 





30 mins 


Drop in a selection of 


f 
solid objects and give 
Ys 


mm everything a good stir 
so that it is all mixed up. 





OD pects sink 
VAT they 
meet aliquid 
that ws denser 
than they are 


hae -coated 
checolate floats 
on the Treacle 


@® Leave the mixture 
to settle for about 
I 30 minutes. The 
treacle settles on the 
bottom, the oil rises to 
the top, and the coloured 
water sits in the middle. 
The objects sink and then 
float in the places where 
the liquids meet. 


__Metal washer sinks 
to the Bottom 


a 














co (<> rs YOU WILL NEED: 
= b a > nm Weighing scales 
= or Notepad and pencil 


| C | a “> Plastic bottle 
Scissors 
ea > i @ 


Drinking straw 


Modelling clay 
: : , Measuring jug 
To find out the density of an object, you need to know its volume = Arabic ts be eee Re 
how much space it takes up. Finding the volume of oddly shaped be waterproof! 


objects was quite tricky, until Greek scientist Archimedes 
(287-212 sce) realized that there was a simple solution. 





15 mins 





down the reading - this tells you the 


: Weigh your object on the scales. Note 
object’s mass. (Mass is the amount of 









matter in something.) A Cut the top off the plastic bottle 
and recycle it. Take the bottom 
— Push the straw through the hole 
= Beene makg peice it, Just c and angle it Somes using 
Penang ita 2. Sie yan WI the modelling clay to seal the 






near the top of one side. 


Ue gap around it. Position the jug beneath 
CI re SS the straw and fill the bottle with water 
>= _ The original eureka moment happened to | te i‘ oe gating 
S | Archimedes as he was grappling with the 

=| problem of how to measure the volume of 

<< | oddly shaped objects. As he lowered J i. 

a ~ himself into the bath, he noticed the water Z Fully submerge the object in the water. 

ay | level rising. He realized he could findthe J The amount of water that comes out of 

== | volume of any object by measuring how the bottle into the jug Is the object's 


volume. You can use this to find out the 
object’s density by dividing the mass by the 
volume. If the mass is 50 g (1.8 oz) and the 
volume is 25 ml (0.8 fl oz), the density of 
the object is 2 g/ml (2.25 o2/fl 02). 


~ much water it displaced. Excited by his 
discovery, he shouted “Eureka!” (meaning 
“| have found it!”) and was so happy that 

he ran through the streets without putting 
his clothes back on! 


Object displaces 
Volume of water some of' the 
displaced is egual 2ATCL .-- eee 
to the Object's . 


own volume...-. 
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YOU WILL NEED: 


Marbles 
Glass of water 
Modelling clay 


OAT 
YOUR BOAT a 


ed how a ship weighing 
on water when a tiny 








Have you ever wonder 
es can float 





thousands of tonn 
pebble sinks? It's all to do with density. 
Drop a marble into 
a glass of water. It we 
Writing, 4 es 
Se clic sie r #% Take the ball of modelling ox A fresh egg sinks in water, but you can 
ne a : e clay and press it out into a thin at make it float by changing the water’s 
; , too. mas sheet. Then mould it into the > density. Add salt to the water and stir 
shape of a boat, making its sides =z | gently to dissolve it. Take care not to 
as high as possible. — crack the egg. If you keep adding salt 
— eventually the water will contain so 
aay ; 
> much that it becomes denser than the 
=! ~ egg, and the egg will float to the surface. 
© 
> 






HOW DOES —s ¢ 
THIS WORK? ( 


The marbles and modelling clay sink because they 

are denser than the water — they are heavier than 

the same volume of water. Moulding the clay into 

a boat shape makes it less dense, So it floats. The 
clay itself has the same density, but as the boat is 
now full of air, the density of the whole shape is 
less. The pen-top diver has a bubble of air trapped 
inside. When you squeeze the bottle, the bubble is 





squashed into a smaller volume so the diver’s How man 
density increases. When the diver is denser than marbles can 
entiation youletge of the bottle, the ov add @® Put your boat into a bowl 
Before the 3 of water. The clay now floats 
I and will even support the 





bubble expands again and the diver floats. 
ove > age : Boat sinks? , 
weight of several marbles. 
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DUNICING 
DIVI=I 


Divers wear heavy weights to sink and use tanks of compressed air 
to surface. Expanding the air changes their density. You can see 


how by making your own diver in a bottle. 


with water, and drop ina 






Roll some modelling clay into a | 
: ball and stick it on the end of the | 
pen top. Cut a hook shape out of 
a paper clip with the wire cutters and 
stick the hook into the opposite end | 
of the ball. \ 


#%& Drop your diver into 
A the glass of water, 

Mm and remove bits of 
the modelling clay until 


your diver just about 
floats in the water. 






Sinking subs 

_ Submarines dive by making themselves 

~ denser than water. They do it by opening 
_ valves to let seawater into ballast tanks 
inside the submarine. When the tanks are 
) full, the sub is denser than water, so it 
sinks. To rise to the surface again, the 
water is forced out of the tanks. 
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3 Fill the empty plastic bottle 


bunch of paper clips. Drop 


ti) 
‘ KX 
5 | {~~ \ the diver into the bottle as well, 


\ and screw the cap on tightly. 


—_—=— 
If you squeeze the 
Z L bottle, the diver will dive 
— to the bottom of the — 
bottle. When you release your Tre 7 


=r 
A ‘so 











YOU WILL NEED: 


Modelling clay 

Plastic pen top with no hole at the top 
Paper clips 

Wire cutters 

Glass of water 

Empty plastic bottle 











grip, it rises back to the top. 











‘Press the 
sides of the 
Bottle To 
ke 7, 









FIZZY FOUNTAIN 2" 


ug 
. dding Vegetable oil 
mi ‘you can really stir them up by aad x 
Oil and ne i Oe ees start the coloured water moving, riod eri 2 
a bit of fizz to things. u lth water through the oll, Two effervescent tablets (containing 
creating a beautiful effect as they pull ine citric acid and sodium bicarbonate) 





10 mins 















TOP TIP 


Try using other oils to see 
what happens, Instead of 
vegetable oil, use olive oil or 
corn oil. You could add glitter 
to your fountain for added 
Colour, and shine q lamp on it 
to see some cool effects, 





into the bottle until it’s 

about three-quarters 
full. Use a jug to top up 
the last bit with tap 
water. The oil will float 
on the shallower layer 
of water. 


Pour the vegetable oil A Add a few drops of food 
colouring. For best 

: mm results, use a few drops 
of two or three different colours. 
The colouring will take a few 
moments to travel through the 
oil, before slowly mixing with 
the water. 








Loosely screw 
the bottle top 
back on and 
watch your fizzy 
fountain start to work. 


4 





3 Break the two 


effervescent tablets 
Zw in half and drop them 
into the bottle. They should 
start to fizz up immediately. 











TOP TIp 


Painkilling or indinacs: 

are Bitter indigestion tablets 
as long as t Or this experiment . 

and a ney contain citric acid 
ingredie um bicarbonate, These 
when he an uP €ach other 

wa 
carbon ome ks 
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HOW DOES 
THIS WORIC? 


When the tablets start to dissolve in the water, they begin to 
fizz. The fizzing is carbon dioxide gas, which forms bubbles that 
rise up through the bottle. Water is more dense than oil, but 
when the gas bubbles attach themselves to blobs of water, the 
blobs and the bubbles together are less dense than the oil, so 


they float upwards. At the surface, the bubbles pop and the 
blobs of water sink back down again. 


Bubbles attach to 
the water blobs 


Effervescent tablets 
release gas bubbles -- 
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SLIME TIMI on WILL NEED: 


: , Bowl 
‘ch ccientist Sit IS n have to do with slime? Slime Is Spoon 
What does English scientist Sir Isaac Newto to the rules, set out By con ba 


luid because It doesn't confor 


-Newtonian f utt 
Sea am ee liquids behave. Liquids usually flow, but if you shake, pull, and Fad cone 
bounce this liquid slime, it will stick together more like a solid, | 





5 mins 









Fill a cup with cornflour 
and tip it into a bowl. 
Slowly add some water, 





paca | tig tree. a Keep adding water slowly 
until the mixture turns into T 
= mm a sticky paste. Don’t add Food col a MG 
Ourin 


9 iS not harmfy 

























too much — you probably won’t Soin 
need more than half a cup. me ; a 
es 
fea Protect Surfaces i 
fae and wear gloves and 
Old clothes oy an apron 


M@¥® Add food colouring until 

your mixture changes ~ 
I colour, stirring it through 
until it is all blended in. 









HOW DOES 
THIS WORIC? 


The slime and the plastic are both made of polymers — 
simple molecules (called monomers) arranged in long 
chains. Polymers in liquid form are often non-Newtonian 
liquids. When the chains are stretched out the liquid flows, 
but if you apply pressure the chains stick together. This 
is why your slime sometimes behaves like a solid but at 
other times behaves like a liquid. All plastics are made of 
polymers because their chain-like structure makes them 
flexible and strong. They can be shaped and moulded 
while soft and then made to set. Your plastic is made 

of starch, which contains polymers. The vinegar joins 
with the starch to make stronger chains of molecules. 
Adding glycerine makes them more flexible. 


















Pick the mixture up and 
Z L see how it behaves. What 

happens if you squeeze 
or pull it? If you throw it on the 
floor it will stick together like a 
solid, but if you leave it there it 
will turn into a liquid puddle. 


7ry adding some 

more cornflour to the 
mceture and rollin 

(Tt up ato a Ball. Does 
the ball houvnce? 






= l = Sp, aa [ Cc 
FANTADS | a 
PIAS TIC 
Plastic is one of the most versatile materials. It is used in everything from 


saucepans to spaceships. Many plastics are made from fossil fuels, but here's 
how to make your own plastic from things you can find in your kitchen. 








with four tablespoons of water 
in a saucepan. Add a teaspoon of 
glycerine and another teaspoon of 


: Mix one tablespoon of starch 











#® Ask an adult to put the 
saucepan on a low heat 
= 


and keep stirring. 





@® As the mixture heats up, it will 

; change from a cloudy liquid to a 
I clear gel. Continue stirring until it 
is completely clear and starts to bubble. 


YOU WILL NEED: 


Old saucepan 

Spatula 

Stove or hot plate 

Starch (cornflour, potato starch, 
tapioca starch etc) 

Water 

Glycerine 

Vinegar 

Aluminium foil 





1 day 


TOP TIp 


To make the Plastic more rigid 
reduce the amount of glycerine 
YOU use, Adding more will make 
it Softer and more flexible, The 
Plastic is very Sticky, but if you 
leave the Pan to soak 
hours after use, it will 
be easier to Clean, 


spatula to spread your plastic on a sI 


él Take the pan off the heat and use the 


of aluminium foil. It will take about 
to set, but once it has you will have yo 
homemade plastic. It is completely bio 
and environmentally friendly. 


Addin food colouring 
to the mx will colour 
your plastic 





for a few 








BUTTER IT UP 


er but not chemically 


jumbled togeth 
ore substances ae called colloids, have minute 


other. Some mixtures, called c 


scattered throug 
piss ut what it's made of! 


A mixture is two orm 
combined with each 


articles of one subs 
ieee mixtures. Shake some up to find o 


and leave it for 30 minutes, so 

it reaches room temperature. 
Half-fill a jar with the cream. Put 
the lid on and tape it down so that 
it can’t come off by accident. 


: Take the cream out of the fridge 















homemade butter probably 
~ doesn’t look or taste like the 
shop-bought variety. Salt, colouring, 
flavouring, and preservatives are 
often added to commercial butter 











Buttermilk 





AROUND US 






nal fe ca 

z3 to make it look and taste better, 
ZZ _and to keep it fresh for longer. 
fall ; , 


iso be 





_ Gas or vegetable oil may 





yan whipped into the mixture to make 
v 





it spread more easily. 





HOW DOES 
THIS WORK? 


d called an emulsion that has 
ater. Shaking the cream makes 

g butter. Butter is also a colloid, 
rticles. To make an emulsion 
lsifier’s molecules are 


Cream is a specific type of collol 
tiny droplets of fat dispersed in we 
its fat droplets stick together, formin 
as it contains microscopic water pa 

ires an emulsifier. An emu 7 
ene ure and hold them together. 


attracted to both substances ina mixt Ved tiny peheotiaane 
Special chemicals are used to create stable emulsions. YO suspended in water 


homemade emulsions wi 


ll separate out into layers after a while. 


h another. Cream is one of 


seems to happen at first, but | 

soon you'll feel something 
more solid in the jar. Keep going 
until you can see a solid lump. 


a Start shaking the jar. Nothing 
| 


_----. Butter % 











YOU WILL NEED: 


Thick cream 

Clean jar or food container with a lid 
Sticky tape 

Bowl 


@A 


15 mins 








3 Take the lid off the 


jar and pour out the 
contents into a bowl. 
The cream has turned into 
a creamy blob of butter 

in a pool of milky liquid. 








TOP Tip 


e | 
buttersmakir d up the 


putting a / 


Container, not a , 
Glass jar, If 
want your butter to taste Pie 
add a pinch Of salt, ; 


While churning 


+.-. The fat blobs The fat contains tiny 
join together drops of water 


each of the jars a shake, then 
let them sit for a minute. The 
oil and the water separate. 


#® Take the egg yolk, 

A flour, mustard, and 
= 

and add each to a separate 


jar. Label the jars and give 
them another shake. 


HOLDING IT om 
TOGETHER 


One egg yolk 
One teaspoon flour 
Some liquids = such as oil and water = do not usually mix well. If you ; 
stir them together, they soon separate again. To make a stable mixture (3) 





One teaspoon mustard 
One teaspoon washing=up liquid 
from liquids like this, you have to add an emulsifier - a substance that 
can hold the mixture together. 


10 mins 


Put equal parts of oil and 
water into four glass jars. pao 
Screw the lids i nite c See 
Any type of substance spread throughout 
another produces a colloid. Fog, mist, and 
smoke are all colloids as they contain microscopic 
particles of liquids or solids dispersed through a 
gas (air). Gases can also be suspended in a solid. 
Pumice is produced when a volcano hurls out 
frothy lava, which solidifies to make rock with 
carbon dioxide bubbles trapped inside. 









washing-up liquid, 


——— 


a 
_ 








= 


os 


— oe 
= 2 ee = 


'€ag yolk turns The ocl, water, ‘mustard has produced extra washing-vp' 
Ds od and water and flour have an emulsion from the liquid sinks to the 
into an emulsion separated into layers ......-! OAL en. bottom of the jar 
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CYCLE 
CIEN 


Scientists sometimes have to 


substances they contain. 
speed ina machine ca 








one part vinegar and a little 
mustard. Pour the mixture into 


| Seal the bottle tops with tape so 
that they can’t come undone. 


TOP TIP 


Try using a variety of i ae 
in the experiment. Which : 
need longer on the cycle 
centrifuge betore they 
separate out? 


AROUND US 


yan be spun around 
o that the red blood 
ushed to the bottom, with 


“| 
4 


NC 





SC 


One way to do this is to spin 
lled a centrifuge. Alternatively, 


In a jug, mix three parts oil with 


the bottles and screw on the tops. 


separate mixtures 





Shake both the bottles for 


f 
at least 10 seconds so that 
mm the mixture is cloudy and the 


contents have mixed together. One 
bottle will go in the cycle centrifuge, 
the other will act as a control. 






he control bottle. 


in the spokes. 
om the wheel and 


TRIFUGE 


into the various | 
the mixture at high 
get on your bike: 


The control 
Bottle still 
looks cloudy 


YOU WILL NEED: 


Bicycle 

Two small clear plastic bottles with tops 
Sticky tape 

Jug 

Vinegar 

Mustard 

Oil 





20 mins 











~™® down so it is resting on the 
WI seat and handlebars. Tape 
one of the bottles to a spoke on 
the back wheel. Positioning the 
bottle with its base against the rim 
will make it less likely to leak. 


3 Turn your bicycle upside 


eset = 70 one Lov 
>," spun will have 
i ‘SeparaT ed «ato 
lagers 














a a oS SH ee 








a a 






















aa l2 LJ [- YOU WILL NEED: 
= ; 
; Water-soluble marker pens in 
al three different colours 
LY | 2 C ~ Blotting paper or coffee filter paper 
| Scissors 
J Esl Ss Water 


| Three glasses 
Chromatography is another technique for separating mixtures. Paper im 
It involves passing a mixture through another substance. The ee 
different particles of the mixture travel at different speeds 
through the substance and separate out. 











HOW DOES 
THIS WORK? 


Mixtures contain particles of different 
sizes and weights, and these differences 
can be used to separate them. One of the 
simplest ways of separating mixtures Is 
filtration - passing the mixture through a 
sieve to separate bigger particles from 
smaller ones. In a centrifuge, heavier 
particles are pushed to the bottom of the 
mixture more forcefully than lighter | 
particles. In paper chromatography, water 
soaks through the paper and carries the 
mixture with it. The different colour inks 
spread out as they travel through the wet 
paper at different speeds. 





AROUND US 











a 
w 











filter paper to the same height as your 

glasses. Use a different colour marker 
to draw a large dot about 2 cm (0.8 in) 
from the bottom of each strip. 


NC 


through the column at a different speed 
and is detected as it reaches the end. 









: Cut three strips of blotting paper or 





» 
og 






Sf 








#® Pour 1 cm (0.4 in) of 
A water into three glasses. 
mm Lower each of the strips 
of paper into a glass and fix 
them to the side of the glass 
with a paper clip. The dots 
should be about 1 cm (0.4 in) 
above the level of the water. 















in marker pens is 

p of lots of different 

nks. After a few 

of the dots will 

2d out into different 

You will be able to see 
Irs make up each ink. 


The separation 
ink ts called a 





OX IDATI QO} NI i WILL NEED: 
STATION ss 


Tey | Scis 
ak apart or join together to form new substances, pore 


hemical reaction. Most chemical reactions are 
irreversible reaction. 





When substances bre 


this is known as a © Mo 
irreversible = they only go one way. Rusting Is an 





20 mins 










Cut out a circle of card that is bigger 

than the neck of your jar. Make a hole 

in the centre for the thermometer. 
Place the card on the jar and push the 
thermometer inside. After a few minutes 
take a reading from the thermometer. | 


#®& Remove the thermometer 
and card lid. Put a ball of wire 
2m wool into the jar and pour 
vinegar over it. Let it sit for a minute. 
Remove the wire wool, shake it dry, 
and pour away the vinegar. The 
vinegar strips away the wire wool’s 
protective coating, exposing the 
-metal underneath to the air. | 





HOW DOES 
THIS WORIC? 


Atoms are joined together with chemical bonds, forming larger 
particles called molecules. Some molecules contain atoms of 
more than one element. These are called compounds. When 
different substances come together, the bonds between their 
atoms can change, making new molecules and compounds. 
Energy is needed to break the bonds between atoms. This kind 
of reaction is called an endothermic reaction, meaning it takes in 
energy. When chemical bonds are formed, energy is released, 
usually in the form of heat or light. This kind of reaction is an 
exothermic reaction. When the wire wool rusts, the iron it 
contains reacts with oxygen in the air (oxidizes) to form a 

new compound, iron oxide. The reaction involves joining the 
iron and oxygen atoms, so it is an exothermic reaction. 
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ee eee a ee \ 
ROT TIEN 
a 
| 
= 
APPLI 

me ae 
If youleave an apple for long enough, it will start to decay. Micro-organisms 
teed on the fruit and break it down into other substances, such as nitrogen 


compounds and carbon dioxide. This is an irreversible reaction. You can't 
un-rot an apple = but you can slow the rotting down. 





Cut the apple into four equal 
segments and put a segment 
into each cup. 


: Number the cups from 1 to 4. 








with a different substance. Put 

table salt into cup 1, epsom salts 
into cup 2, and baking soda into cup 3. 
Don’t add anything to cup 4; it will be 
your control cup. Store the cups in a cool 
dark place where they will not be 
disturbed for about a week. 


A Cover the first three pieces of apple 
z= 


Some mould 
appears on the 


control prece 


seo ---- 


| 


fs = 
= 2 


Baking soda 


Epsom salts Bel soda 
' appear To discolours 
speed up the apple 


Epsom salts the decay 


Control 











YOU WILL NEED: 


One fresh apple 

Knife 

Four disposable plastic cups 
Table salt 

Epsom salts 

Baking soda 

Spoon 


1 week 







2, 
Preserving food —_— 
Various methods are used for “=z 
preserving food. Refrigerators chill 7 
it. Freezers freeze it. Food is also = 
preserved by being canned, smoked, rw 
salted, dried, and pickled. All of these =z 
methods either stop or slow the | ual 
activity of the micro-organisms 2} 
that make food rot. fm 

a 


Vw 

tr 

ws 
\ 


Canned fish 
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aa a 
ELEPHANTS 
= 
t's where catalysts 
t wal reaction to happen? Well, tha 
ix : ie cues up a chemical reaction without ovine 
eedives in this experiment the catalyst is yeast, and adding 


hydrogen peroxide produces foam that looks like something an 
elephant would use to clean its teeth! 


f 





“A, 





WARNING: 







Stand the bottle in the — a —— _ Hydrogen peroxide : 

middle of the tray. Using / available from pharmacies, On| 

the funnel, pour the \ 7 concentrations of 3-60, are suit . 
hydrogen peroxide into the = or this experiment, Do not use higher 
bottle and add a few drops A Pa Concentrations, Never handle th 
of food colouring and f ‘ at "quid yourselt; ask an adult bid : 
hing ABliguid | | } You should both wear goggles. 

ning-up liquid. | and face masks 
\ 


#® Using the funnel 
3 again, pour the yeast 
wd mixture into the 
bottle. Quickly remove the 
funnel and stand back. 


#%& Mix ateaspoon of yeast 
A with two tablespoons of 

mm hot (but not boiling) Uf 
water in a bowl. 


Rocket fuel 
Con ted hydrogen peroxide, 
or high test e (HTP), re 
extremely v when a cat 

is added is used in jet packs 
to propel humans through the air for 

sho The catalyst in th 

case is silver. When HTP flows over 

_ the silver, it produces oxygen and | 

~ steam at more than 700°C (1,290°F). 
This gives the rocket pack an 

upward thrust when it is expelled 
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through a nozzle at its base. 





YOU WILL NEED: 


Empty plastic bottle 
120 ml (4 fl oz) hydrogen peroxide, 
no greater than 3=6°% concentration 
Washing-up liquid 
Food colouring 
Dry yeast 
Hot water 
Funnel 
Baking tray or shallow pan 




























Catalytic converters 
Car engines produce a variety of gases when they burn fuel. Some of these, 
such as carbon monoxide and nitrogen oxides, are harmful to humans 
and the environment. To counteract this, cars are fitted with catalytic 
converters to speed up the decay of these gases. Catalytic converters 
have a mesh coated with metals, such as platinum, rhodium, and 
palladium, that act as catalysts. When exhaust gases from the 


RUPTS 


OAM | 
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engine pass through, the mesh breaks the nitrogen oxides into 
nitrogen and oxygen, which are safe gases, and makes the carbon 
monoxide combine with oxygen, producing carbon dioxide. 


NC 


SCll 





HOW DOES 
THIS WORK? 


If left long enough, the hydrogen peroxide will 
eventually break down into water and oxygen on 

its own. By adding a catalyst - yeast - the process 
is speeded up. Hydrogen peroxide locks onto the 
yeast, and the yeast splits it into oxygen and water 
without becoming chemically changed itself. 

The oxygen produced in the reaction combines 
with the washing-up liquid to produce a large 
amount of foam. Some of the water becomes steam 
because this is an exothermic (heat-producing) 
reaction. The rest of the water is left in the bottle 
with the dissolved yeast. 


: Hydrogen peroxide 
makes contact 
‘with the yeast 






Hydrogen 
peroxide 


SS as as as 






YOU WILL NEED: 





Jug 

Glass 

Distilled water 
Phenolphthalein indicator 
Washing powder 

Vinegar 


TURN 
WATER PINK 


Many chemicals are either acids or bases. Weak acids, like the citric 
acid in lemon juice, taste sour. Strong acids and bases can burn skin 
and dissolve some materials. Some chemicals change colour when 
they are mixed with acids or bases. They are called indicators. 








LS 
eel a kA 
i a7 7 j\\ 
i vf —— 5 q 
| v/ jj —_ = F ‘ 
} \/ A ( \V/ ’ WARNING! 
\ | Y \ y é Phenolphthalein can be 
| a > el | 3 bi ea online, Be especiali 
C r ' ~ | ‘| Pe | elul when using the solut; _ 
;= = i ! ap humlifit touches your ae 
Ss 5 ae E == Cree 59 perform this 
an INQ Welleventi 
Put half a glass and ntilated are 
i ae a Sar #¥% Ask an adult to add about 10 drops io es goggles, and F 
a teaspoon of washin : of phenolphthalein to the jug of ace mask, 
g mm water. If your phenolphthalein 


owder i is j 
powder into a glass. is in powder form, only use a pinch. 
The water stays colourless. 
















HOW DOES 
THIS WORIC? 


An acid is a substance that produces positively 
charged particles made of oxygen and hydrogen, 
called hydronium ions, when dissolved in water. 
Aiaver i neutral The more hydronium ions an acid releases, the 
so the indicator stronger the acid is. A base is the chemical 
stays colourless .....---. opposite of an acid. Bases produce negatively 

: charged particles in water, called hydroxyl ions. 
The more hydroxyl ions a base produces, the 
stronger it is. Bases that dissolve in water are 
called alkalis. Phenolphthalein and cabbage water 
are both indicators, which means that they show 
whether a liquid is acidic or basic. They change 
colour because the structure of their molecules 
changes depending on the amount of hydronium 


or hydroxyl present. 











@® Pour the water from the jug into 
the glass. When it hits the glass, the 
x water changes from colourless to a 

vibrant pink. Phenolphthalein turns pink in 
the presence of a base and bright orange 

when mixed with an acid. 














































TOP Tip 
..--.-- The liquid turns If You add a fe 
em whith means (such as ea bi e r ; og 
he washing powder to the bright pink ont 
» me 


acid and base w 
other out, neutra 
SO that it turns 


(sa base 
ill cancel each 


lizing the liquid 
Clear again, 








-ABBAGE 
INDICATOR 


You can make your own indicator just by boiling some 
red cabbage. Use it to test substances around your 
house and find out whether they are acids or bases. 








#®& Heat some distilled water in a pan 
and add the chopped cabbage. 
= 


Cook for about 10 minutes, or 
until the water goes purple. Turn the 
heat off and let it cool. 





half of the red cabbage 


: Ask an adult to chop about 
head into small pieces. 


@%® Strain the | 
3 cabbage water : 
WS intoalargejar / 
to remove the 
cabbage pieces. 
Divide the water 
evenly into the 
four glasses. 






Flower power 

The hydrangea shrub produces different 
coloured flowers depending on the acidity 
of the soil. It produces blue flowers on 
acid soils, pink or purple flowers on basic 
soils, and it has creamy white blooms 

on neutral soils. 


AROUND US 


g 


SCIENC 


















éf 


the cabbage water red — 
such as lemon juice and 
vinegar — are weak acids. 
Baking soda and soap turn 
the water blue because they 
are weak bases. 


YOU WILL NEED: 


Red cabbage 

Chopping board 

Knife 

Saucepan 

Distilled water 

Sieve 

Large jar 

Four small glasses 

Substances for testing, such as lemon 
juice, vinegar, baking soda, and soap 





30 mins 


Des tll ed 


VINE GAL aan 


22 r ee ee eee ee eH 


ca 


Add one testing 
substance to each 
glass. Those that turn | 


RSS as The liquid turns 


pinky red hecause 
the ATE S acait 


ot 





q — YOU WILL NEED: 
hl Empty plastic bottle 


NOLEN! oe 
ed I_CANO 





Washing-up liquid 
q Warm water 
Red food colouring 
Vinegar 
; ‘ Tray 
When acids and bases meet they react with each me ey 
id to “neutralize” each other because . 
Pney-or es ith chemicals that are Ss 
reaction always ends up with cheney oe = ) ( 
neither acidic nor basic. Reactions like t a ee / | — 
th some added foam ana colour, jj 


dramatic, especially wi 





+ ia \. Pour warm water into the 
~~ “Ie ~~ : bottle until it is about three- 
; quarters full. Add two heaped 
tablespoons of baking soda. 
i 5 Cover the top and shake so that 





#® Add five drops of 
A red food colouring 

mm and then a big drop 
of washing-up liquid. 












the baking soda fully dissolves. \y 
‘ \ 
| | | 
} | dab ITits too difficult to get the 
| | | vinegar into the bottle, use g 
ae = | | Plastic funnel, Take it out as soon 
Cal | ae — as the volcano erupts, 
7 





<< #® Pile damp sand around 
the bottle in a cone 


} \._‘&W shape, but leave the 



















in / \ mouth of the bottle exposed. 
=— Earthly explosion fi Take care not to let any 
ema __ Real volcanoes erupt because of a | sand fall into the bottle. 
Zz physical process, not a chemical | at 

~~ +Feaction as in this experiment. Molten ae 

wv (liquid) rock called magma forces its “e 

<< —_ way up from deep underground and = 

ux1 fills a chamber beneath the volcano. 

= The pressure builds up until the surface 

real rock cracks open and the molten rock, a 

Zs known as lava once it reaches the —_—— > ; 

< __ surface, bursts out. to Ts 





Foam lava slides 
down the sides 
of: the volcano ----- 
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HOW DOES © 
THIS WORK? 


When an acid and a base react, they always 
produce a salt and water. Vinegar contains 
acetic acid and baking soda contains sodium 
bicarbonate, a base. They react to produce 
sodium acetate (a salt) along with a new acid 
called carbonic acid. However, the carbonic 
acid immediately breaks down into water and 
carbon dioxide. Carbon dioxide mixes with 
the washing-up liquid to make foam. 


oO 
















Scns Steady stream o 
vinegar (S$ povre 
ato the neck of 
the hottle 


Carbonic acid 


Oo 
Y 


Water Carbon dioxide 







SCIENCE IN SECONDS 





Baking soda bag bomb 
You can use the reaction of vin 
a bang. Fold two tablespoon: 
paper towel. Pour half a cup 
of warm water into a sealak 
inside the bag, above the liqt 
Put the bag down and stand 
When the liquid soaks 
through the paper 
towel the bomb 
will go off! 









TOP Tip 


If your volcano doe 
much lava try usin 
not boiling) water, 
baking soda Should 
the amount of foa 


5 Not produce 
9 Warmer (but 
Adding more 
also increase 
M produced, 


oo 
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COPPER 
PLATING 


in certain solutions, substances turn into ions - particles with a 
positive or negative charge. A process called electroplating uses 
this to stick one metal to the surface of another. lron nails are a 
dull grey colour, but plating them with copper turns them pink. 





Half-fill a jar with vinegar 
oy —— Ti 
and stir in a teaspoon of salt. SS f ree oy ee out of ——— 
Drop about 10 copper coins LO ~— ce, ies them > = 
in water and dry them. ie a 
g f iS 


into the solution and leave them | 
for 30 minutes. The darker the | | ne aS ae Saou salty: 
coins, the better. The dark a ar ance ei 
coed is a layer of copper after ene stakes 
oxide, formed when copper minutes. 
reacts with oxygen in the air. 





HOW DOES 
THIS WORIC? 


The vinegar and salt strip the copper oxide coating off the coins. In the 
solution, the copper oxide exists as positive copper ions and negative 
oxygen ions. When you add an iron nail, the iron produces positive iron 
ions, leaving the nail with a negative charge. The positive copper ions 
are attracted to the nail and stick to it, giving it a copper coating. 


sti ». ad Positive copper 
. fae a Positive Positive ions are aed 
, copper lons, iron ions, to the nail 
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In the baking soda and salt solution, the silver sulphide forms 
positive silver ions and negative sulphur ions. The foil produces 
positive aluminium ions. The positive aluminium ions attract the 
negative sulphur ions, forming aluminium sulphide, which you 
might see as a yellow layer or yellow flakes at the bottom of the 
tray, leaving the silver nice and shiny. 








YOU WILL NEED: 


Small jar 

Vinegar 

Salt 

About 10 tarnished copper coins 
Ungalvanized iron nails 


@ A 


1 hour 


TOP Tip 


er Pees are galvanized 
ae ed with another metal) 
i g manufacturing, This will 
Op this Experiment from 
working so be Sure to use 
ungalvanized nails, 














~ > y= 
PRUCE UP 
a? DS ium 
SILVIEIR 
= 
uD Ea = 
Silver becomes dull because it reacts with sulphur in the air to 
form silver sulphide, a black tarnish, You can use an 


electrochemical reaction to transfer the sulphide to aluminium 
foil, leaving the silver shiny and bright again. 





with aluminium foil - shiny 
side up — making sure to get 
it into all the corners. 


: Cover a large heatproof dish 


then add the salt and baking soda and 
stir until they dissolve. Place the silver 
item into the water so it is completely covered. 


#® Leave the silver object in 
3 the solution for about an 
QI hour. When you come 
back, carefully lift your item out 
of the dish and dry it. It should 
have a new sparkle and sheen. 


? Ask an adult to pour in some boiling water, 
a 


YOU WILL NEED: 


A tarnished silver item 
Heatproof dish 

Aluminium foil 

Boiling water 

Two tablespoons salt 

Two tablespoons baking soda 


(&) £2 Ai 


1 hour 


And the award goes to... 

Plating is used to prevent corrosion, 
to give objects a hardwearing surface, 
or to decorate objects with a more 
attractive metal. The famous Academy 
Award, or Oscar, awarded to actors 
and filmmakers is plated. The first 
Oscars were made of gold-plated 
bronze. Today they are cast from 

a dull grey metal called britannium, 

but sparkle once they are electroplated 
with a layer of 24-carat gold. 


ot 


© A.M.P.A.S.® 
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\ a YOU WILL NEED: 
1) () VAl= Four eggs 
ie, sl a re eel \ a 5 
< WW [- [- i 1) QO) MA, [- Sharp scissors 
a > aa 2 ee —_ Bricks or heavy books 


than others, but 
shapes are much stronger 
ies SE aidnas are especially strong. Eggshels . 
very thin and fragile, but their shape enables them 


support a surprising amount of weight. 








20 mins 


TOP Tip 


Don't waste the Contents of 
the eggs « YOU Can use them to 
make some Scrambled eggs or 

q tasty omelette! 


an egg on a hard surface to 

break the shell. The rest of the 
egg must be unbroken. Pour out 
the contents of the egg. 


: Carefully tap the pointy end of 




















#% Stick clear tape around 
the middle of the egg. 
mm Draw a line at the widest 


point and ask an adult to score 
it with the scissors. 





A® Carefully break off pieces 

3 of shell from the pointy end 
Ww to the line, then use the scissors 
to carefully snip around the line. If the 
shell beyond the line cracks, you'll 
have to start again. Prepare three 
more eggs in this way. 












Solid semicircles 
Certain shapes are often used 
in architecture for their strength. 
Many strong structures, like roof 
supports and cranes, use triangular 
shapes. Arches are useful for 
' constructing bridges as they can 
support weight above open spaces. 
The ancient Romans were expert 
builders and often used domes 
and arches in their designs. The 
_ Pont du Gard aqueduct (above) in 
the south of France was built in the 
first century. It has 64 arches on three 
levels. Each level transfers its weight 


_ to the level below and into the ground. 













HOW DOES 
THIS WORK? 


An arch is strong because its shape evenly 
spreads the weight that it bears. A dome 
is like a series of many arches arranged Arch shape | 
in a circle. Your halved eggshells are mini : Dom e works ke 
domes. The downwards force of the bricks’ ! 

weight is balanced by the strength of the 
dome shape, which distributes the load 
along the curve of the eggshell. 

































Dome shape 
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Strong shapes 
Using drinking straws and sticky tape, 
make a triangle and a square. See how 












The eggshells are likely to 









much force you need to crush them. Ee and give way very 
The triangle is stronger. Any force you _. nbelive o - oe well back 
use to flatten a corner also acts along ing the weights 


and do not Carry out this 


the straws — it can’t be crushed without experiment near breakab| 
akables! 


bending the straws or pulling them 
apart. The square, on the other hand, 
can easily be flattened. 
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een Th a a Bol eo sce Nie 
the bricks 4 a Pir eee, ; a 

on Top of Soh. TR —_ ') 

each other 


Lay out your four 

eggs in a rectangle bre > 4 

shape. Carefully lay . 
a brick or heavy book on 
top of the shells. How 
many can you add before 
the eggshells crack? 


The eqgs 
must all Be Yi 
same heaht or 

they will not 
spread the 
) weght evenly 
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-AUNCH A 
BOT 1ti_lk 





It takes some of the 
launch a rocket into Laer Aan 
rinciple they do » Newton's 
as Sic qa bottle rocket in your garden. 


Push the needle adaptor 
pcos the cork. If the 

adaptor won’t go all the 
way through, cut off some 
of the cork until it does. 


=NTS 


KA MOMI 


URE 


Laws of motion 
English scientist Sir Isaac Newton 
(1642-1727) is most famous for his 
theory of gravity, but he also worked 
out three laws of motion that describe 
the way that all objects move. The first 
law says that an object will stay still or 
move along at a steady pace unless a 
force acts on it. The second law says 
that when a force acts on an object, 

it makes the object change speed or 
move in a different direction. The third 
law says that when a force acts on an 
object, the object will push back in the 
opposite direction with equal force. 




















20C 


es a id to 
brightest scientists in the wor 
; However, by using the same 
hird law of motion = you 
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card. Turn the bottle upside down and 

tape the fins to the neck end. Your 
rocket should stand on its fins with enough 
room underneath to attach the pump. 


A Cut out four fins and a cone from the 
re) 





Quarter-fill the bottle with water and 
push the cork in. It must fit very 
tightly or the bottle won’t launch. 

If the seal isn’t airtight, wrap some tape 
around the cork then push it back inside. 


3 


Go outside and connect 
él the foot pump’s air line to the 
needle adapter. Stand your 
rocket on its fins and attach 
the nose cone to the top. 





We have liftoff 

Space rockets work in a similar way to your 
bottle rocket. Instead of squirting water out of 
one end, they burn fuel to make a jet of hot 
gas. The force of the gas escaping from the 
rocket in one direction pushes the rocket in 
the opposite direction. 


AROUND US 


SCIENCI 


c. Place the pump as far 
from the bottle as you can. 


I Start pumping air into the 
bottle. After a few seconds, 
you should have liftoff! 


HOW DOES ‘ 
THIS WORK? —_ 


As you pump air into 

the bottle, the pressure 

builds up inside. 
Eventually, the force of 
the air pushing on the 
water is enough to push 
the cork out of the bottle. 
The water rushes out of 
the bottle in one direction 
and the bottle pushes 
back in the other, which 


9 sf A | results in the bottle being 
| launched skyward. 
ws (i fe \ WARNING: 
¥ ; This experiment Should be As you pump, pressure 
arried out outside with adult builds inside bottle 


‘er seny sn 88 
nly So once you've Water pushes out, 
Started pumping don't approach launching the rocket 
It, even if it seems like nothing 
iS happening, 


rs | 





GRAVIT (-DEF YING 


WATIERR 


it is really c 





t moves ina circle, It 
travel in a straigh 
le, This force is cal 
o the test (and hope 


When an objec 
The object wants to 
the centre of the circ! 
of water you can put itt 


very strong string and tie it to 
the handle of a light plastic 
bucket. It needs to be secured very 


Take about 1 m (3 ft) of rope or 





a tightly so ask an adult to help you 
laa tie an extra-strong knot. 

_ 

amy 

= 

>> 


#®& Add some water to 
A the bucket. Don’t 
mm fill it more thana 
quarter full or it might 
become too heavy to lift. 





CIRCULAR 





AROUND US 
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Fairground rides 

You can feel the effect of centripetal force if you 
take a fairground ride that whirls you around in a 
circle. You feel as though you are being pushed 
away from the centre of the circle, but in reality 
you are being pulled towards the centre by 
centripetal force. 
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t line, but a force is pu 


led centripetal force. 
fully stay dry at the same time). 


Do this experiment 

where the bucket aman. . 
damage if it flies off the ci 
and where it doesn't matter it 
things get wet if you don't get 
the technique right first time! 


YOU WILL NEED: 


Plastic bucket 
Rope or strong string 
Water 





onstantly changing direction. 


lling it towards 
With a bucket 


@ RMA 


10 mins 


Start swinging the bucket from side 
to side, in bigger and bigger swings. 
When it gets high enough, swing the 


* 


bucket all the way around in a circle 
around your hand. If the bucket is spinning 
quickly enough, the water will not fall out. 





Force towards centre 


HOW DOES Fore tonards con 


THIS WORK? oe 
i 


s 


See dees oe 


The force pulling an object towards the 
centre of a circle is called the centripetal 
force. When you swing the bucket around, 
the string is providing the centripetal force ne 
and pulling the bucket towards the middle ' 
of the circle. While the bucket is upside ‘ 
down, it is being pulled towards the | SS 
middle of the circle more than gravity Is 
pulling on the water inside it. This means | 
the water does not fall out of the bucket. : 


wt 
i 
/ 


“% 
‘ 
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1 
, 
J 
4 \ a 
— 


If the force is removed, the object 
carries on in the same direction 


PUZZLING 


PENDULUMS = 


YOU WILL NEED: 


Strong string 
Two mugs 


A weight swinging on the end of a piece of string is qd pendulum. Hang £ 
two pendulums together from the same piece of string and they start x (+? 


behaving very strangely indeed. 


<3 


Stand two chairs back to back about 
: 1 m (3 ft) apart and tie a piece of string 
between them. Cut two more pieces of 
string, each the same length, and tie each 
one to the handle of a mug. 





string to the horizontal string, about 

50 cm (20 in) apart and both an 
equal distance from the chairs. Adjust the 
chairs so that the string sags a little bit. 


A Tie the other ends of the pieces of 
a 


HOW DOES 
THIS WORK’? 


When you pull a pendulum up and then let it go, 
gravity pulls it downwards so it swings down to its 
lowest point. But as it falls it speeds up, and this 
speed keeps it moving so it swings past its lowest 
point. Gravity keeps pulling on it, slowing it down until 
it stops and swings back again. If two pendulums are 
attached to the same piece of string, they pass their 
motion back and forth between each other. One 
pendulum swings, pulling the string it is hanging from 
to and fro. This transfers energy to the second 
pendulum, which starts swinging itself. 





10 mins 


The string must $a 


aaa. ae ao 


i el to work 
r 7 a 4 a 


. Se 


eT aA Yes) 

Ve AMT aS 
the other 

#%& Hold one of the mugs up at eee 

3 a 90° angle, then let go and teh 

I watch it swing. Keep watching. 

The first mug will slow down and 

eventually come to a stop, and the 

second mug will start swinging. 






SCIENCE IN SECONDS 





Arrested descent 

Take a piece of string about 30 cm 

(1 ft) shorter than your height. Tie a 
metal nut to one end and a mug to the 
other. Hold a pencil in one hand and lay 
the string over it so the mug is close to 
the pencil and the rest of the string is 
horizontal. Let go of the nut. It will wrap 
around the pencil and stop the mug 
from hitting the floor. The nut on the 
string behaves like a pendulum. As the 
mug falls, the string between the pencil 
and nut shortens so the nut swings 
faster and wraps itself around the pencil. 








AIR-RESIS TING re 


YOU WILL NEED: 


Bin bags 


men ger ¢> 
| Twelve 50°cm (20ein) length . 
[- GG (5 > Ruler (20-in) lengths of string 
Scissors 
‘ Sticky t 
und, pulled by Earth's gravity. icky tape 


If you drop something it falls to the gro 
Some objects fall more quickly than 0 
air resistance, and finding out more a 


jeopardize some €g95: 


lay it out flat. Using a ruler, 
measure three squares: 
20 x 20cm (8 x 8 in), 
30 x 30 cm (12 x 12 in), 
and 40x 40cm(16x16in). | 
Cut out all three squares. 


: Cut a bin bag in half and 


HOW DOES 
THIS WORIC? 


Air resistance is another word for drag, the force 
with which the air resists objects moving through it. 
The larger the surface area of a moving object, the 
more air it must push against, the greater the air 
resistance there is, and the more the object is 
slowed down. Adding parachutes to your eggs 
provides a bigger surface area, and the egg with the 
biggest parachute falls so slowly that it may hit the 
ground gently enough to remain intact. 


If you position an object in a certain way, you can 
stop it from falling at all. Gravity pulls on every part of 
an object, but all of these pulls add up just as if the 
gravity were acting at a single point - the object’s 
centre of gravity. A group of objects that are joined 
together, like the forks and the toothpick, has just one 
centre of gravity. The forks don’t fall over because the 
centre of gravity is directly below the rim of the glass, 
where the point of support is. 
The toothpick weighs so 
little that burning some of 
it away hardly alters the 
centre of gravity. 


The forks’ centre of 
gravity (marked with 

an “X”) is directly below \ = 
their point of support ..-------- ae 


thers. The reason for this is 
bout it is a good excuse to 








#% Poke a hole in each K / 
corner of the squares. \ ¥ 
mg Thread a piece of string | 
through each hole and tie a 
knot. Cover the knots with ‘\ 


tape to secure them. ‘\ 


























#® Tape each square to 
an egg by its strings. 
Id This can be tricky, so 


you may want to ask an 
adult to help you. 


meee eB 


> 
’ 
= 


WARNING: 


ss reall may involve some 
aes 995 SO is liable to Create 
Mess. An adult should be 
present throughout 
this experiment, 








parachute, drop the eggs 
from a height of about 
3 m (10 ft). Inspect the eggs 
and see if any survived the fall! 


él Starting with the smallest 

















BALANCING _ 


Every object has a point called its centre of gravity, around which 
its weight is evenly spread, You can balance things in a seemingly 
impossible way if you position their centres of gravity correctly. 












link the prongs together to 


: Take two identical forks and 
connect them. 


#® Insert a toothpick 
A through the prongs 
mm so that about 1 cm 
(0.4 in) sticks out from 
the back. Balance the 
toothpick on the rim of a 
glass, halfway between 
the end of the toothpick 
and the forks. The handles 
of the forks should point 
inwards towards the glass. 


o- 3 Sea — 


ws 

=e 

Z| Falling water 
oS Fill a Styrofoam cup with water and 


i poke a hole in the side. Cover the hole 

> with your thumb to stop the water from 

ad coming out. Drop the cup from a 

7 height and none of the water will come 

st! | out while the cup is falling - only when 

= | __ it hits the ground. This is because the 

oat ) water and cup are both falling towards 

cS } _ the ground at the same speed. 

ar: Hammer and feather 









When a hammer and feather are dropped together, 
air resistance makes the feather fall much more 
slowly. But with no air to slow them down, both 
should hit the ground at exactly the same time. 

In 1971, Apollo 15 astronaut David Scott proved 
this theory. In a live television transmission from 
the Moon, he dropped an aluminium hammer and 
a falcon feather. In the Moon’s thin atmosphere, 
they both reached the ground at the same time. 



















FLY A | 
DAI I 


You can investigate the forces acting on mere 
planes and comparing how they fly. This plane Is 
designed to fly quickly through the air. 











4 tha NN 
— : _ — —> 
— - “a | y 
~— i” 
Take a rectangular sheet of #®& At one end of the paper, 
paper and fold it in half fold both corners towards 
lengthways. Open it out, making mm the centre fold. The outside 


a fold in the centre of the paper. edges now slope at a 45° angle. 


y making paper 
slim dart that 's 





#¥® Fold both the sloping sides 
3 into the centre fold once 

Wd again so that they slope 

even more sharply. 


along the centre fold. Then 
fold the wings down about 
2 cm (0.8 in) above the centre fold. 


él Fold the plane in half again 


















[= |_() AT A = WILL NEED: 
GLIDEL 


Paper clip 
This plane is designed to glide slowly through the air but stay aloft 
longer than the dart. Does it fly as far as the speedier dart? You can 
find out by comparing the two planes. 





Fold a rectangular sheet of #® Bringing the top righthand | 
paper lengthways and open corner over, make a fold that _ 
fit out again. Using a ruler, l™ runs between your pencil 


measure about two-thirds of — mark on the right and the top of 
the way along the longest the centrefold. Repeat on the left 
edges and mark with a pencil side. You may have a small flap 


on both sides. | left over. 





-'§ is level with the pencil marks about 2 cm (0.8 in) from 
‘QI (which are on the other side). the middle to create the 
Tuck the small flap away. Fold the wings. Then fold down the wing 
whole thing in half, with the nose __ tips about 1 cm (0.4 in) and 
_on the inside. open them out. | 


3 Fold the nose back so that it r Fold both sides down 
— : r 















Paper clip weighs down 
the nose of the alider 
to help ct Hy strataht 






HOW DOES 
THIS WORIC? 


Every aircraft, from a paper plane to a jumbo jet, 


LIFT is produced by 
the shape of the plane 


THRUST propels the 
plane forwards 









is acted upon by four forces — thrust, drag, lift, and = 
gravity. Fast planes like the dart are slim to reduce => 
drag, so they can go faster, but their thin wings oe one Aetio att 

don’t produce much lift. Planes with bigger wings puchiteihack on 

produce more lift, but also more drag. They stay the plane 


GRAVITY pulls the 
aloft longer, but fly more slowly. j plane downwards 
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YOU WILL NEED: 


Balloon 


ALLOON | ct 
Pe HOVE! ERC RAFT = 


When two surfaces rub against ee other, the force | 


the move, friction 
n them is friction. If youre on 
Ey tow you down. To reduce friction and move faster, 


' 
a hovercraft glides ona cushion of air. : 





















from the bottle and glue it 
over the hole in the CD. 
Leave it until it has set. ee 


: Remove the pop-up top 


ONDS 


» 
w 


IN SEC 


a 
ow 


NC 


all 
Hl: 
vila 
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#2 Place the pop-up top in 

A the closed position. Inflate | ) 
mm a balloon and, pinching the ~~ @a s ak eae 

neck so that the air can’t escape, ii ii : \ a eee 

stretch it over the pop-up top. f — : 

A 






HOW DOES 
THIS WORK? 


Friction is the force that acts between any surfaces that rub together. 
Molecules in their surfaces bond (stick together), making it harder for 
the surfaces to slide past each other. A balloon hovercraft reduces 

friction by blowing air between the CD and the table to hold them apart. 
The friction caused by the air is much less than with a solid object. 















. A film of air separates 
: the CD and the table 
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Streamlining 
Anything that moves through air 
or liquid is slowed down by a force 
similar to friction, called drag. Some 
shapes naturally create less drag 

by letting air or liquid pass over 
them more easily. These are called 
streamlined shapes. A dolphin has 
a streamlined shape to help it glide 
through water. 
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TOP Tip 


The rougher the Surface 
eet the more friction there is, Your 
a hovercraft wil work best on q 

flat, smooth Surface, such as 
a Polished table top, You Could 
try it on different Surfaces 
to see how far it will slide 
Over each, 


Travelling on air 
Real hovercraft use a powerful fan to pump air down below the 
craft, where it is trapped by a flexible rubber skirt. Hovercraft 
can travel over both water and land because they move along 
on top of a layer of air. They are used as passenger ferries, 
military vehicles, and search-and-rescue craft. 


YOU WILL NEED: 


Corrugated cardboard 

Two bamboo skewers 

Two large jar lids 

Two small lids or bottle tops 





R BANID 
RACIER 





RUBIBI- 
, DRAG 








Scissors 
Glue 
Elasticity is the ability certain materials have to change wer ee Rubber band 
force but spring back to their original eee ie Ben ra 
ici d you can sen > aN 
the elasticity of a rubber ban ® ww 
B) FR Ai 
30 mins 










Ask an adult to make a hole 


Cut out a shape like the one 2% Push the bamboo skewers # 
above from corrugated card. through one of the holes in through the centre of the 
= four lids. Attach two lids to 


Make sure the corrugations are the corrugated cardboard % 
at right angles to the direction the _at either end of the car’s body. each axle — the big lids are the 
car will travel (See step 2). This is These are the car’s axles. back wheels and the smaller 


the car’s body. You can decorate it Trim their length if necessary. lids are the front wheels. 
with sticky-backed plastic or paint. 
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Traction 
A car’s wheels move the car because 

of friction between the tyres and ground. 
This is also called traction. Racing cars have 
big, wide rear tyres that put extra rubber on 
the road and create the maximum traction 
so that the tyres don’t lose their grip when 
the engine turns them fast. 
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HOW DOES 
THIS WORIC? 


Winding up the car’s rear wheels stretches the 
rubber band. It can stretch because it is made 
of long, chain-like molecules. These are 
normally folded up, but stretching the band 
straightens them out. A stretched rubber band 
has potential energy - a store of energy that 
can be used later on. When you let go of the 
car, the potential energy is released as kinetic 









Attach the elastic band to c. Hook the other end of the 
Z the rear axle by looping it rubber band to the lip in the 
% 


through itself, as shown. hole in the car’s body. Now ‘aq the wheels 
This anchors the elastic band wind back the rear wheels. If the (movement) energy, rotating 
so it does not fly off after the car band is attached firmly enough to 
stops moving. Pull the loop tight the rear axle, it should wind around 
so the elastic grips the axle. and around until taut. 


Put it down on a flat surface 

and watch it go! Try rubber 
bands of different lengths and 
widths to see which one makes 
your racer go furthest. 


5 The racer is ready for action. 





Stretching the rubber band 
straightens out the molecules 
















Paddle power 
To make a boat powered by elastic 


energy, glue or tape a lollipop stick to 
oo each side of a small tin box so that they 
ea, TOP TIp overlap the end by 6 cm (2.5 in). Loop 
Your racer will probab| a rubber band around the sticks. Slide a 
etter on Carpet than on ‘ pa piece of plastic measuring 5 cm (2 in) by 
Surfaces as it wil eee 4 cm (1.5 in) through the rubber band and 
ag 0 improve the oa rotate it. This winds up the rubber band 
eae the car's wheels and and powers up the boat. Keep hold of it 
i a you're racing it on try until you put the boat in water, then let go 
Ching rubber bands around and watch it paddle away. 
the Wheels, 















WATER 
CAN CRUSHER 


| dramatic effects. 
ange its pressure and have . 
oe inside a can leaves It unable to withstand 
tside it, So it Is crushed as if by magic. 





ACK 


Cooling air can ch 


Lowering the pressurt 
the pressure of the air ou 










put in enough ice to 

cover its base. Then 
pour in water to cover 
the ice. ? 


| Take a shallow tray and 










#® Put asmall amount of water 
A into an empty drinks can. 
mm Ask an adult to place the 
can on a hot plate or stove until Pal 
the water boils and yousee  — 


steam appear. Don’t touch 
the can - it will get very hot. 











@® Turn the heat off. 
Ask an adult to pick 
wd up the can using 


tongs and, as quickly as 
possible, place it upside 


down in the tray so that & 






















the opening is underwater. SF | 
= Poor sucker f 
* e =\I= S | Half-fill a jar with a soft drink. Punch a 
7 EURIEICA MOMEN : <3 hole in the lid and insert a straw. Seal the 
Ch ‘a gap with modelling clay and screw the top 
Pressure power ye ~~ oonto the jar. Now, try to suck the drink 
In 1654, German scientist Otto von === though the straw. When you suck, = 
Guericke (1602-1686) carried out = | your lungs draw air from your mouth — a : 
an experiment to show the power = so the pressure there falls. ‘ 
of air pressure. Two large copper oat Normally, the outside air - 
hemispheres were pressed together ey pushing down on the drink- § 
to form an airtight sphere. The air > forces the drink up the fA 


straw and flows into the 
glass to take Its place. 
With the top sealed, no air |=) 1 
can flow in from outside | _ 
so the drink cannot flow 
up the straw. 


inside was sucked out. Two teams of 
15 horses were hitched to the sphere 
and tried to pull it apart. Although the 
two hemispheres were only held 
closed by air pressure, the horses 
were unable to separate them. 


a 
































=z ee 
= YOU WILL NEED: 
ma } oD Empty plastic bottle with lid 
Drill 


FOUNTAN == 


Modelling clay 
Safety pin or needle 


Heating air makes it expand. If the air is sealed inside a container, it 
presses more on the inside of the container = the air pressure rises. You 
can use this to turn an ordinary plastic bottle into a fantastic fountain. 





the bottle and ask an 


: Remove the lid from 
adult to drill a hole in 





it just big enough for 
a straw to fit through. a a me 
(AE 
the bottle, 
rasing the ar 

Pressure « 


i" 


A® Fill the bottle three-quarters 
A of the way to the top with 

mm coloured water. Screw the 
lid onto the bottle and slide the straw 
through the hole so that most of it is 


inside the bottle. Use modelling clay 
to seal any gaps around the straw. 


i es ee 





i) 
@® Roll asmall ball of r 
modelling clay and - 

®&w push it into the top 


of the straw. Use a safety 
pin or needle to make the 
tiniest hole you can 
through the ball of clay. 





HOW DOES 
THIS WORK? 


Gas molecules in the air press against everything they touch - including | 
you, although you can’t feel them. When you heat the air inside the . aw 5» * Da O | D _ 9D 
plastic bottle, the air pressure rises. The air pushes on the water SO that -) 00 O O O = 

it travels up the straw and sprays out of the hole. In the can-crushing Pe i ee _ O80 oa _ Oo 

experiment, boiling the water inside the can turns it into steam. When you - & — 5 aY-s? VO. 

dunk the can in cold water it cools very quickly and the steam turns into oC) D Qo ald Oo O - 

water. There is now less gas inside the can, so the pressure drops. The 


a: f Before heating, air molecules exert i 
greater air pressure outside the can pushes it inwards and it buckles. g After heating, the molecules move 


less pressure on the container about more and the pressure rises 


8 


~@ “m a C IN (5 YOU WILL NEED: 
FGGS-PERIENCING © 
* > ae Water 
=. <> < One egg 
MER PRESSURE = 
b ive te; = Glass bottle with aneck slightly smaller 


than the egg 
e? If you try pushing Matches 





do you get an eggintoa bottl ush 
ek SS oer fingers, you'll scramble the egg: It's time 


to use the incredible power of air pressure. 





in water for at least 5 minutes. 
Cool the egg by putting it in 
a bowl of cold water for a minute. 
When it is cold enough to handle, 
peel off the shell. 


#® Place the egg on top 
A of the bottle. No matter 
mm how long you leave it, 

it won't slide into the bottle. 


: Ask an adult to boil an egg 

















@® Ask an adult to strike 
3 two matches. Lift the 
I egg, drop the matches 
inside the bottle, and quickly 
place the egg back on top. 


TOP Tip 


To get the €99 back out, turn 
the bottle upside-down and 
blow hard into the bottle for 

a few seconds, This will 
rease the gir Pressure and 
€ €gg should POp right out, 


inc 
th 









HOW DOES 
THIS WORIC? 


g matches into the bottle they heat the 

ds and some of it flows out of the bottle. 
When the matches go out, the air cools down and the pressure ‘ 
drops. The air outside the bottle now has a higher pressure, SO | 
pushes its way in, forcing the egg inside as It does so. In a ae ar 
way, the candle heats the air in the glass, and some of it bu a 
out. When the candle goes out the air cools and the pressure : rops. 
The greater air pressure outside forces the water up into the glass. 


When you drop the burnin 
air. The warming air expan 






















DP 


ay 







: 


2 === = 
oa : 





Ask an adult to light 
the candle. Then place 
a tall glass or jar over 
the candle and watch 


Aur presses 


the water 


UNDER : 
PRESSURE 


The air in the atmosphere is always pressing against everything, 
You can't feel it, but you can see it in action in this experiment. 
When the air pressure in the glass falls, the water level rises. 





Put the candle in the dish and 
secure it in place by pressing 


modelling clay around its base. 


Then pour water into the dish 
around the candle. 












To begin with, the water level is 
Z the same inside and outside the 


glass. But when the candle burns 


out, the air cools and contracts, taking 
up less space - and the water level in 
the glass rises to fill the gap. 


down on 














ONDS 


a 
vg 


olz( 


: 


Add a few drops of 
food colouring. This 
will help you to see 
the results more clearly. 
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Ay ere The water rises up 
aside the glass 











YOU WILL NEED: 


Candle 
Shallow dish 
Modelling clay 
Water 

Food colouring 
Tall glass or jar 
Matches 


10 mins 





Drench a friend 
Fill a plastic bottle with water and 
screw on the lid. Very carefully, pierce 
holes in the side of the bottle with a 
pin. Don’t squeeze the bottle, or you'll 
get wet! While the lid is screwed on, 
the water does not flow out of the 
holes because there is no way for 

air to flow in to take its place. Ask 

an unsuspecting friend to remove 

the cap, however, and the water 

will shoot out of the holes. 



































The water 

shoots ovt of 

the lowest 
hole with | 














reatest force 
Sonus there 
(S more mes 
a—n Top of (t 
fercing et out. 
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SUCIC IT 
OEM 


Sucking the air out of a sealed tube lowers ri a 
pressure inside it. If you allow air to a in Sed . 
force. Here's 

t can create a very strong ' 

bc force to launch a missile with a vacuum cleaner. 








WARNING! 


Always have an adult 
Present when you use your 
missile launcher, Never point it 
at another Person, and always 
make Sure that there is Nothing 
fragile or Valuable in the 
line of fire, 








up some old socks so that 

they form a tubular shape. 
Check that they fit snugly inside 
the cardboard tube, then wrap 
them with tape. 


First, make your missile. Roll 


#& Jo make your missile 

A launcher, cut one of the 
m@™ cardboard tubes to about 

30 cm (12 in). Neatly cut small 


curves at one end. If you find 
this difficult, ask an adult to help. 


@® Take the other tube and cut 
3 a hole about 10 cm (4 in) 

WI from the end. It should be 

the same diameter as your first 

tube. Slot the two tubes together, 

with the second tube sitting on the 

curves you Cut in the first tube. 





Seal the connection with 
Z L tape. Insert the nozzle of 

the vacuum cleaner into the 
first tube and seal it. Turn on the 


vacuum and cover the front of your 
launcher with a bit of cardboard. P 






















YOU WILL NEED: 


Strong tape 

Two long cardboard tubes 
(from wrapping paper) 

Some old socks 

Vacuum cleaner 

Cardboard 

Scissors or craft knife 





20 mins 


pececene-----. Decorate 

our mcssile 
heuncher wth 
stictky-hacked 
We or 


Srapping paper 


Vl ala Ki | A\ | y 


HOW DOES 
THIS WORK? 


er sucks the air out of the tube, it lowers the air 
here is less air to fill the same space. 
hen you let go of the 
ds. The missile is 


When the vacuum clean 
pressure inside the tube because t 
The air pressure outside the tube is much greater, SO W 


missile the pressure of the air 
propelled through the tube so fast 


behind it launches it forwar 
that it shoots out the other end. 


Card seals 
‘ the front 





Greater air i 
1 i 
pressure outside i 


the tube pushes 


on the missile 









Missile blocks one ae 


end of the tube 


a --- Air is sucked from 
tube, lowering the 


pressure inside 


Projectile 
S ‘aunched 
out o 


Send water uphill 

Sucking the air out of a tube allows you to make 
a device called a siphon. Fill a jug with juice and 
place a glass on a surface lower down than the 
jug. Dip one end of a clean plastic tube in the 
juice and suck the other end. This lowers the air 


pressure and draws juice into the tube. Hold a 
finger over the end, then point the tube into the 
glass. When you take your finger off the tube 
the juice flows into the glass even though it has 
to travel uphill first. Gravity pulls the juice down, 
drawing more juice into the tube behind it. 


AROUND US 
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THC TUDES! oiedanteenn ee 








Delivered under pressure 
Some large shops, banks, offices, 
and hospitals move documents and 
cash around from room to room by 
pneumatic tube. An item is put ina 
capsule the size of a water bottle, 
which is slotted into a tube. The 
capsule is then propelled by air 
pressure to its destination. 
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YOU WILL NEED: 


Bottles of different fizzy drinks 


MAKI A SE serine 
SODA SHOOT 


| ‘< q lot of fun, but is it 
drink shoot out of a bottle is a 
science? Of course! It's an example of nucleation = 4 ee ie ce 
lots of bubbles or droplets form at places called nuclea fd : 
case, 0 much gas is released that it cannot be contained | ) 
| : =k 





Making a jet of fizzy 








WARNING! 


a This iS d very messy 
experiment SO perform it 
Outside and be Prepared to 
Clean up the Mess, Be carefy| 
not to shake the bottles while 
you're taking them Out! 








ground and open it. Rolla 
sheet of card or paper into a 
tube and insert it into the neck 
of the bottle. Push a toothpick 
through the middle of the 
tube so it is held in place. 
9 


: Place a bottle on level 


#% Make sure that the < 
toothpick is resting on the 
a 


rim of the bottle. Place at 
least four mints inside the tube 
so they sit on top of the toothpick 
and do not fall into the drink. 





AROUND US 


HOW DOES 
THIS WORK? 


rbon gas, which is what 


A 
wg 


SCIENC 


izzy drinks contain dissolved ca 
cai them fizzy. Microscopic pits on the surfaces of the 
- mints provide nucleation sites for the carbon gas bubbles 
~ to form much quicker than normal. So many bubbles form 
so quickly that the drink jets out of the bottle. 
No one is sure exactly why, but the ingredients 
of the drinks also seem to affect the speed 
J height of the jet. Diet drinks 


gar substitutes tend . 
le Bubbles form 


bem ere ee 


around tiny pits 
on the mint’s surface 





TOP TIP 


Test out several different ; 
fizzy drinks to see which ones 
create the most impressive 
display, You can also i 
the experiment with rock $a 
instead of mints. 





bottle by pulling out the 


3 Let the mints drop into the | a 
' 









BI toothpick. Quickly remove | 

the cardboard tube and stand a 

few steps back before the drink | : 

erupts from the bottle! < 
< cS 
oa ~~ 
rs. = 
—_w wal 
wv ' Foamy liquid shoots a 
< . vertitally ovt 0 
_ ' the bottle 'S NC the peden des 
o | d ; 


RE 
— 
e 
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/ me YOU WILL NEED: 
T Two long balloons 
Sticky tape 


Scissors 
Large plastic or paper cup 


AST 
Pst Te AGE ROCKIT 


| parts, or stages. When 
ets are often made of severa 

a Sean one stage is used up, the next ee Scand . 
are jettisoned, making the rocket lighter so tC e 


faster, and use its fuel more efficiently. 











hs 3 Push a second balloon 
| through the collar and 

Ww inflate it so that it holds 
the first balloon closed against 


With a pair of scissors, #y Partially inflate a long one side of the collar. Hold the 
: carefully cut the bottom half balloon and pull the open balloon by the nozzle. 
off a large plastic or paper mm end through the cup collar. 
Fold the end over the bottom of 


cup. Discard the bottom but 
keep the top. This will be a collar 
for the two-stage rocket. 


the collar and tape it into place 
so that the air does not escape. 











The pressure A 
of the areen = 
alloon stops 
the red talloen 
from deflating ae aes 


AROUND US 





SCIENCI 






Blasting off 
When rockets burn liquid fuel, the pressure 

of the exhaust propels the rocket forward. It 
requires huge amounts of fuel for the rocket to 
escape Earth’s gravity. The largest rocket ever 
launched, the Saturn V, stood 100 m (328 ft) 
high and weighed 3,039 tonnes. The fuel alone 
accounted for most of this weight. The fuel 
stored in all three stages combined was a 
staggering 2,540 tonnes. 




























HOW DOES 
THIS WORIC? 


When the rocket is released, air rushes out of the 

first balloon and propels it forwards. The air pressure 
inside the first balloon falls until it can’t squash the neck 
of the second balloon closed any longer. The second 
balloon sets off, propelled by the jet of air from its own 
neck. By using two stages, your balloon rocket travels 
further than it would with just one. 


Wl ~Remove the tape holding the first 

dt balloon closed. Choose a site for 
the launch and let go of the rocket. 
Watch what happens to both balloons as 


the air rushes out of the first stage of your 
rocket and releases the second. 


Stage one cs 


jettisoned 



















Rocket man 
Modern rockets are fuelled with liquid 
propellant. The first liquid-fuelled rocket 
was launched in 1926 by American 
physicist and inventor Robert H Goddard, 
powered by liquid oxygen and gasoline. 
Goddard also patented the first designs for 
multi-stage rockets. While his achievements 
were not recognized in his lifetime, he is 
known as the father of modern rocket 
science because his inventions paved 

the way for space flight. 


HYDRAULIC ae 








or Balloon 
= a Plastic tube 
" i Ze Can 
= e Heavy book 
Scissors 
Funnel 
A liquid under pressure can apply a lot of force and + ae 
the used by machinery to do work. Using liquids tke te 
ca 


this is a branch of engineering called hydraulics. 










20 mins 


Cut the top off the bottle so 


gil. ke ae #® Insert one end of the 
that it is a little taller than the plastic tube into the neck 
_ 


of the deflated balloon 
and seal it with tape so that e 
the join is watertight. 


can. Then cut a hole in the 
side of the bottle, towards the 
bottom, big enough to pass 
the plastic tube through. 


hole you made in the bottle. 


3 Push the tube through the 
Push it from the inside out 4 Put your tin can in the 


so the balloon is left inside the bottle so that it sits on top 
bottle. Tape the other end of of the balloon. Then place 


the plastic tube to the funnel. a heavy book on the bottle’s rim. 





















Mechanical muscles 
Liquids are used in machines to 
carry force through pipes. The pipes 
contain close-fitting discs called pistons, 
which use the force transmitted through 
a liquid to do work. You can see this in 
action on a building site. The arms of 
the mechanical digging machines that 
work there are powered by hydraulic 
cylinders. When the driver moves one 
of the controls a valve opens, allowing 
oil to be pumped at high pressure into 
one of these cylinders. This forces a 
piston along the cylinder. The piston 
is attached to part of the digging arm. 
When the piston moves, that part of 
the arm moves, too. 








@ 
A! —= 


i. 2 oie 





























C Hold up the funnel = | Me tn 
so it is higher than Beach ball elevator = 
I the book and pour You can also use air to lift a load. Place = 
in some water. It will run a 


a beach ball underneath one end of a plank 
of wood. Stack weights or books on top of 
the plank and then inflate the beach ball with 
a foot pump. As the beach ball inflates, 

provided it remains balanced, it will raise | 
the plank and lift the heavy books with ease. 


=( 


through the tube, causing 
the balloon to inflate and 

expand, lifting up the can 
and book. 


IN SI 
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A - 
Clk 
eI ita 


Can and hook 
are lifted Up ..-.------+= 


——ees----# 


Balloon fills 


tT DATCr ae or ae 


sil 
; 


A 









HOW DOES 
THIS WORIC? 


Unlike air, liquid under pressure cannot 

be compressed (squeezed into a smaller 
space). This means that it can be used to 
transmit force in machines. When you pour 
water into the funnel, its weight creates 
enough pressure to force the water into 
the balloon. If you keep adding water, the 
balloon swells up and the pressure will 

be high enough to lift the heavy book. 


ter to do work was ; 
nthe ancient world. The Je - yg 
ented the waterwheel, a | | , 
— device that uses a flow of water to 
~ turn a wheel so that the rotary motion 


ad 
Co 


can grind grain or do other useful 
work. The waterwheels in this 
picture are located in Hama, Syria. 
They have pots attached to their rims 
and were designed to raise water 
from the river for people to use. This 
kind of waterwheel is called a noria. 


AC 
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YOU WILL NEED: 


Two cotton reels 
Two nails 
Length of wood 





Cranes make lifting heavy objects a lot easier. 


WEIGHTLIFTING 


f cranes, 
There are many types 0 
ropes or metal cables looped over a wheel, making 


a device called a pulley. 


an adult to nail one to the end 

of the length of wood. Nail the 
other about a third of the way 
from the other end. 


: Take your cotton reels and ask 





M#® Push the pen top into the lower 
reel to make a winding handle, 


Make a handle for the plastic cup by 
taping some string across the top. 


but they all rely on 





Hammer 

Scissors 

Sturdy cardboard box 
Pen top 


and tape the string to the spool. 
















Plastic cup 
Sticky tape 
String 
Paper clip 
Heavy book 





30 mins 


| _...The load us 


A® Cut a hole in the box 
and insert the wood so 
_ lifted verticall Y 


it sticks out at an angle. 


It must be a tight fit so the 
wood can’t move around. 


The ferce applied | 
(Sa pulling force wwennn off 


reel, keeping it taut. Bend the 

paper clip into an “S” shape 
and tie it to the end of the string so it 
can hook the string of the plastic cup. 


él Wind the string onto the lower 






Turning, this reel} 
likts the cup: 


ee > im L z YOU WILL NEED: 
Ry > sed k , oD Ae small blocks of wood 
— —— | ( ) \ | ) Two metal hooks 
zi String 
; = rae k Four metal eyes 


A bag containing a weight to be lifted 
If you spread the weight of aload over more than one pulley, 


they multiply the force you apply. This means that you need 
less effort to lift a weight, making the load feel lighter. 





starter holes in two blocks of into the other side of the blocks. 

wood - one hole in the middle Suspend one block using a 
of each block and two holes piece of string tied to the hook. 
evenly spaced on the opposite 
side. Screw a hook into the 
single holes on each block. 


: Ask an adult to drill small A Screw two eyes, evenly spaced, 
_ 




















@® Hold the second block 
underneath the one you’ve | f bk 
& suspended so the eyes are Y, 4 


facing and thread a second piece 
of string through in a zig zag. Secure » 
on the last eye with a double knot. 


= er 
HOW DOES 
—  Y a 

THISS WORIC? 
A single pulley makes lifting easier by 
changing the direction of the force 
required. Turning the lower reel of your 
crane applies a pulling force to the 
string. The string loops over the top reel 
and lifts the load vertically. When you 
use more than one pulley, the weight 
of the load is shared between them. This 
means you need to apply less force to 
lift the load. This is called mechanical 
advantage. The first three metal eyes in 
the experiment above are working like 
pulleys, changing the direction of the 
force and spreading the load. 



















Only an 800-g (28-02) force / 
is needed to lift the weight ----------- , 






2.4-kg poh 


85-0z) weight —_—. 
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r1iON ~ 


Energy |S what makes things ha he Universe; and 
it has many forms, including electricity, heat, 
ight, and sound. Energ ange fron ne form into ° 
sound Prpventions arebasedon such ges,” 
m engines; which turn heat into motion, t0 "= 
microphones; which convert sound to electricity: =, 
. a 
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CONVECTION | 


° * 





| es - Coffee cup 
> | =a ‘a zz es Large glass jar or jug 
: 2 N i > ‘ Water 
) , ne eas Food colouring 
| e Clingfilm 
Sharp knife or skewer 


The density of a liquid changes with its temperature. When hot “ 
- water is introduced into cooler water, the hot liquid rises to the 
top and the cool liquid sinks to the bottom. This is known as 


a convection current. 





20 mins 












Oo a 


: eae Saar #% Carefully place the #% Ask an adult to 
Pour the water aes Saas tach 3 Ea Rea 
Fade Great om mm a large glass jar or jug. aH film with the tip of a 
ERD Haa vo: i. 00 Slowly fill the jar with cold —_ sharp knife or a skewer 
ee i cup tap water, being careful not Take the knife out and ’ 
gfilm and secure it to dislodge the plastic film |= watch what happens 


dn place with a rubber band. over the cup. 


i 


HOW DOES 
THIS WORIC? 


There are three ways in which heat can be transferred. When 
substances are in direct contact, heat can travel by conduction. 
When part of a substance is heated, the molecules begin to vibrate 
more violently. They knock against the molecules next to them, 
passing the heat energy on. Heat also moves through liquids and 
gases via convection. When part of a liquid or gas is heated, it 
expands and becomes less dense. This makes it rise. Cooler liquid 
or gas falls to take its place. This cycle of rising and falling is known 
as a convection current. Very hot objects radiate their heat as 
electromagnetic waves. The Sun radiates heat to. Earth through 
empty space, but fires and radiators also pass on their heat this way. 


Hot water rises 
throvah the 


cola water 
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ee | 5 4 *«- YOU WILL NEED: 
| fl . k > che ket Pizza box 

= | i | Aluminium foil 

=e Black paper or paint 

_ ¢ Clingfilm 

=a a (do not use raw meat) 





5 é 
oe ,. a ' ie 
a “4 a ° 4 ' 
f "hE 7 i ‘ 
; ‘a ve ' . q 
a '# : LN ; 
¥ = 
3 4 * * + 
YS > = 
# af j 
‘ F es S r 
vy Fes “a ct —_ 
tay 1B | pf 


SOLAR O 





“ts late 
a tree A ee Ay ic er one ° String 
. Warmth radiated by the Sun crosses 150 million km (93 million miles) Tw albeae (actenest 


of space to reach Earth, It makes a summer's day bright and warm, s 
-~_ andit is intense enough to heat food in a solar oven. (&) (ry 


: ralpi . 7 py™ 20 mins 
: Jf Cover the inside of a pizza box’s Ps 
J} lid with aluminium foil. Then line the 7 > 
Bi base of the box with black pape, #% Put your food on a plate if | 
malta paint it with matte black paint. it.insi 
| OF paint It WIT Male DlaCK: Rant. > of; Ta and place it,inside the base 
Matte maak absorbs the heat better. — ~ img of the box. You could try a J TOP Tip 
ras Spee ee slice of pizza or a hotdog, but F 





Placing your food onam 

lack metal plate will i 

the cooking Process, as the heat 
IS radiated onto the plate 
and passed to the food 

by Conduction, 


don’t use any raw meat in case it b 
doesn’t cook all the way through. 
~ Cover the base with clingfilm. 


‘ 
Bee Sees sede oe 






“~~. the Sun. Adjust the lid to reflect 
a the most light onto the food. Fix 
oy “the lid at this angle using a brass paper 


> : _» fastener linked by string to a second 


‘ 3 Position the box so that it faces 
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iv 


-- fastener in the base of the box. . 
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Ws. \ “ 8 YOU WILL NEED: 
y\ [- a d = i k =x * er Thin metal wire | 
a F i a= Bottle 
| lJ (5 4 I ( ue : iN pe weights . | 
| ce cube 
i H o | I= lt 5 cate | 


but increasing the pressure , ses 





AC 
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lly has to be heated to melt, g 
c checkin it can make it melt, too. This produces some strange 


effects. You can slice through ice without leaving it in two pieces. 
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20 mins 





























colder the better — take 
everything outside. 
Place the ice cube 

on top of the bottle. 


: On a cold day - the 






@® The wire moves down 
3 through the ice without 
QI cutting it in two. The 
pressure of the wire melts 
the ice directly underneath it, 
but after the wire has passed 
through, the ice refreezes. 


#® Tie each end 
of the wire toa 
mm heavy weight and 


balance the wire on top 
of the ice cube. 






TOP Tip 


It is best to carr ] 
y out this 
ferment On a freezing cold 
gy. If the weather iS too warm 
) 


the ice cube may melt entirely 


before the wire has finished 


Passing through it, 






HOW DOES 
THIS WORIC? 


re 
OT a IO The surface of ice is constantly city 
Unlike other Sue ne mn. 4 ab n.d af melting and refreezing. When salt 3 | 
water freezes, it expands. 1ne be 7. ft 7 (or another substance) is added, the ws 
molecules arrange themselves in a rw A water molecules that have melted "ef 
pattern which takes up more Space. ‘i a have to spread out to make space ee 
If enough pressure Is aP plied id Dy . rey for it, so they can’t refreeze as ‘¥ @riyk 
force that space to shrink, SL i." ickly. There is more melting than Te 
attern is broken down and the ice a Ly oe UIC 5 non afar so theice Bye aah 
: back to water. The thin wire a et 4 freezing happening, Bytes eee 
ey i Seal diatel od . ‘Pg . melts more quickly. To change . 
puts pressure on the ice Immedia y a FT solid to liquid, energy is needed. ty 4 
below it. This melts the ice, but tt = Tt ™ af | This energy is taken from the Kt 





then refreezes after the pressure 


orange juice, cooling it down. 
has been removed. 








Water molecules in Water molecules in a frozen 
a liquid state state form a lattice structure 
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Four tablespoons of table salt 
Two resealable bags, one bigger 


: Ss: eae . ie 
CHI | OUT! . 7% ? YOU WILL NEED: 
a 
ved Mee! | Jug of orange juice or other drink 
wo m= Eas a . I _ Crushedice 
; p - ) 


Adding animpurity to ice lowers its freezing point. Sea water doesn't Nee 
> freeze until it is much colder than freshwater, because-it contains paar chives 


~~ salt, You can use this effect to make an ice-cold tasty treat. 
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\ 20 mins 
F 
| Cc. After 10 minutes, open the : 
| Sg | big bag and remove the aa 
at | I smaller one. The fruit juice jj 
| . er will have turned to sorbet. Put it ff 
: Pour the orange juice into A Put the sealed smaller in a bowl or glass and enjoy! f a 
the smaller of your two bags. bag inside the larger bag. , 
Make sure that there is no air mm it should fit comfortably 
_. in the bag, then seal it carefully. with lots of room to spare. 


» 





M@® Add crushed ice to the Put on some gloves to 
3 larger bag.so it completely — él protect your hands from 
W# surrounds the smaller bag. the cold, and then get . 
Then sprinkle salt onto the ice. squishing! Move the mixture _ 
Squeeze the air out and seal about as much as youcan, but 
the bigger bag. be careful not to burst the’bags. _ 
Ress r* ; oy 


TOP Tip 
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om A® . 2 ~~: YOU WILL NEED: 
t= Uji I 1 a a hee. Orange juice carton 
oa «6S Paints and paintbrush 
by | sa Soft metal tubing, 3 mm (0.1 in) wide é 
= = A Big marker pen 
Small candle 


a : 


| Double-sided t 
1,600 times more e space , than water, When itis | ha ee we 
Steam takes up about g force to make things move. Jug be 


- confined, it can be translated into a pushin 


You can make this simple steam boat and see the notion in motion! | 





4 2 hours 7 


orange juice carton and ask 

an adult to help you cut it 
out. This will be the body of 
your steamboat. 


: Draw a boat shape onto the 


* 





cu the metal tube with 

c water. You can do this by 
I placing one end of the 
tube in water and sucking ’ 
through the other, or by using 
a jug to drop water into the 
tube as you hold the boat 
vertically. Once the tube is full, 
hold your fingers over the ends 
to stop the water leaking out. 





















#® Paint and decorate your boat 

A and let it dry. Punch two holes 
mm in the rear end of the boat, big 

enough for the tubing to fit through. 





$ ae bend the tubing twice around a 
marker pen to create a coil. Bend the rest 
3: the tubing so it sits up with space for 

a ee candle beneath the coil. The ends must _ 
_ be wide esiough apart to pee the holes. 


a * 
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through the holes you madein « ° 7 a) 

the boat. You could add adeck i t 
and a chimney to your boat by gluing oe 
a small box and the lid of a bottle of y 
~ laundry deter stergent to the boat. f 
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HOW DOES 
THIS WORIC? 


Your steamboat works by converting heat energy into motion. The que 
heats the water in the metal tube until it changes to steam. Steam ; re p 
more space than waiter, and as it expands it forces water out of the tube, 





Steam turbine 
The majority of the world’s electricity 
is generated from steam. The steam is 
produced by burning fuel, or using a 
nuclear reactor, to boil water. A jet of 
steam turns a wheel with blades or 
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iving the boat a little push forwards. The steam then cools and condenses Lt cups around theedqenctestnma 

Was. fphanines back into water). The water takes up less space than the eae = | steam better. This type of wheel is 
did. lowering the pressure inside the tube and sucking up cold water ae E31) called a turbine. The turbine drives a 
in. The cycle continues an £3) generator, which changes the rotary 


outside. The candle then heats the water aga 
boat moves along in a series of pulses. 


Sf 







motion into electricity. 





' Steam jets out of the tube, 
pushing the boat forwards 


Water inside the tube is: 
heated by the candle 












Steam machine 
The first practical steam engine was built in 1712 
by Thomas Newcomen (1664-1729). He built it to 
pump water out of mines, where flooding was a 
problem. His first engine (below) was installed at a 
coal mine in Staffordshire, England. Other engineers, 
notably Scottish inventor James Watt (1736-1819), 
improved on Newcomen’s design. The use of steam 
engines to power machines led to a huge increase in 
the numbers of factories built in Britain in the 1800s, 
a time known as the Industrial Revolution. 
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a 4 - YOU WILL NEED: 
I i k bathe ; Piece of card | 
eon | Scissors 
 Y J Ni [3 [= A \ y/ ' f Straight-sided glass filled with water 
mp 1 5 = FX 


Sticky tape 
White paper 
Sunny day (or a torch) 
Sunlight appears white but it contains all the colours 


of the rainbow. By splitting up 4 ray of sunlight, you 
can prove it. All you need is a glass of water. 





10 mins 


and carefully cut a vertical 
slit. Try and make the slit as 
narrow as possible. 


Take the sheet of card 





@® The light shines through 
the slit in the card and 


I onto the glass of water, 
#) lape the card to the glass which splits the light into the 
of water and stand the colours it contains. 
mm whole thing on a sheet of 


paper in front of your light 
source. This could be a torch 
beam or a window with bright 
sunlight streaming through 





Rainbow in reverse 


Divide a circle of white card into seven equal sections. 
Colour the sections in the shades of a rainbow - red, 
orange, yellow, green, blue, indigo, and violet. Make a 
hole in the middle of the circle and push a pencil through 
it. Now stand the pencil on its point and give it a spin. 
The colours merge together and look almost white. 


ONDS 
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When it rains, you might be lucky enough to see a rainbow curving 
across the sky. Make your own rainbow on a sunny day with some 


SIP IPI: 





RAINBOW 


artificial rain from a hosepipe and a lot of practice’ 





TOP Tip 


This experimen 
t Works best 
vee the Sun iS low in the Sky 
4 ” F a to catch the light 
nt angle so keep tryin 
, - Patience required will be : 
: hit when YOU See a rainbow 
PPear in your back garden! 


hosepipe. If your hosepipe doesn’t 


: Get a fine mist coming out of the 


have a spray nozzle, try putting your 
thumb over the end instead. 


sition yourself in front 
of a dark surface with your 


i™@™ back to the Sun. With 
some luck and a bit of practice, 
you will see a rainbow appear 
in the mist. 


' YOU WILL NEED: 


Hosepipe 
Sunny day 
Dark background 





30 mins 


HOW DOES 
THIS WORIKC? 


Light is a form of energy. Like radio waves, 
microwaves, and ultraviolet waves, itis a type 
of electromagnetic radiation — although light is 
the only one visible to the human eye. Like all 
electromagnetic energy, light travels as waves. 
Different colours are produced by light waves 
of different lengths. Red light has the longest 
wavelength, and violet has the shortest. 





Wavelength of red light 


— 


VAVAVAVAVAVAVAVAVAVAVAY 


Wavelength of violet light 


White light is not a single wavelength; it is made 
up of all the colours of the rainbow. A glass of 
water refracts (bends) light that passes through 

it. Each colour bends a slightly different amount, 
and so the colours separate and you can see them 
on the piece of paper. The water droplets in rain or 
the spray from a hosepipe bend light and separate 
the colours in the same way, producing a rainbow. 


! Dispersed light bounces 
' Off the back of the droplet 


Sunlight enters the top 
of the water droplet 








A spectrum of colours 


| 
Water droplet eaves the raindrop 


splitting white light 
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= it =: BPs 8g _ YOU WILL NEED: 
W/ AIC: k bie * Cardboard toilet-roll tube f 
Ee | a 7 | Sturdy cardboard 
a | za aan < ~~ ~~ > = Récordabe a ake you don't need ' 
PECTROSCOPE = 
9 : acking tape 
=u? = ow i ht Black sae | 
thing is made of atoms, and atoms affect the CN cheers cists sae 
‘ chick the science of spectroscopy; scientists can study lg | ed rd 


1 | 
use it to investigate atoms. Using an old CD, you can, too! 





+ 20 mins 












line the inside of it with black 





Take your toilet-roll tube and 


paper. This reduces reflection rary 
. #® Strip all the coating off the . 
eae ee corde vsng packing «Alki acl ocr 
p mm tape. Just press the tape a little bit bigger than the 
down firmly and rip it off. The shiny WM tube’s diameter. Cut out a 


coating should come right off. » rectangle in the middle. Stick it 
on the end of the tube with tape. 


Ww Dn, 
*SWARNING: 
ia YOU use your 
old it close to 
your eye and 
{ Cover your other eye with your 
| hand, Don't look directly at 
‘i bright lights, Never use your 
\ spectroscope to look at the Sun, 





spectroscope, 
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T ‘tems © 


ef : Take two small pieces of 
i él card that together cover the 
‘ 4 rectangular opening. Place. 
~.— them over the hole and line them. _ 









ai up very carefully so there’s only 4 S 
a tiny gap between them. a. AY vl c. Attach the CD to the other end 
~~. - Then stick them down. gies ge ) of the tube with strong glue, or 
: , oo). SW secure it with sticky tape. Attach 
s . “5 _ "=. it off-centre so you avoid the hole in the 
iA -» middle and get a clear view through 
me pe TOP TIP. 7 “oo 5. “Joye spectroscope. 
a A | ing silt us | : 
r my The ae i er posst Lys A, F. 
. 
d artectl straight ie al ; “J , 
ectroscore tower qth ‘ , 
sp reecut edges © de . ; 
Ure a rather than the SI° 
cardia cut yoursel t0 avo! 
ee aS ggedy edge 
_ Aspe fe i i - 
“Nab - ~ 4 ro - . ; m + . 
Plater RP At 





HOW DOES 
THIS WORIC? 


Your CD spectroscope splits light into the colours that make it up, 


{ 9 bit like raindrops in the air do when they make a rainbow. The clear 


CD acts as a diffraction grating - a tool that bends light as it oa 
through. The shorter the wavelength, the more the light is ce aa 
spectroscope produces a rainbow of colours from-red to vio et. hae 
light is a mixture of all wavelengths, so it produces a coe 

of colours when viewed through the spectroscope. Try looking a 
different light sources to see what patterns they make. 


M Holding it quite close to your 
6 eye, point the spectroscope 
at a light source. You will 
see a spectrum - a coloured 1 
line — appear on the CD. ! 


‘The aglowin 
filament aside 
an incandescent 
liaht bulb sends 
out light of 


every colour 






an eee — ae eee <e White li Lt 

. ; from the bulb 
(S Splct up ato 
all the colours 


of: the ranhow 
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Na y 
The science of spectra =< 
Spectroscopy is a useful tool for scientists. 

When hot gases are observed through a powerful 
spectroscope, lines of colour can sometimes be 
seen, rather than continuous bands. The atoms of 
different elements have their own patterns, so these 
lines tell scientists which elements are present in 
the gas. Carbon and mercury give the patterns 
below. Hot gases are found near stars, so scientists 
can use spectroscopy to investigate the chemicals 
found in objects trillions of kilometres away, as well 
as in their own laboratories. 


Emission spectrum of carbon 
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Probing the Universe <a* 
The patterns of colour (called spectra) produced by 
matter do not only depend on the types of atom present: 

temperature, motion, pressure, and magnetic fields all 

affect the spectra too. This means that astronomers can 

use spectroscopy to find out all sorts of things about 
objects in space. In the Orion Nebula (below), new stars 

and planets are being born, and spectroscopy has helped 

astronomers to study these processes, and has revealed the 

presence of water, alcohol, and many other substances there. 
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Take your jelly out of the 
Z mould — running the mould 
under the hot tap can help. 


Then turn off the lights and turn 
on your UV light. Glowing jelly! 





YOU WILL NEED: 





Jelly 
Tonic water 
or Vv Sugar 
a Microwave 
% oe ee ee UV light 
: e 
ans they change th 
Some substances are fluorescent, WII Tee A such a high i hb 
‘ght that falls on them. Ultravio ' 2) Fr 
frequency of lig ‘t but you can make a fluorescent snack tha a 
frequency that we cant see It, buy ‘ow and tastes great, too. eer 
changes ultraviolet light to a lower-frequency glo | 
Following the instructions on #® Stir the mixture so the @® Pour the mixture into a bowl 
the packet of jelly, put some A jelly is mixed with the water. or a jelly mould and place in 
jelly and tonic water into a mm Add some more tonic water. BT the refrigerator to set. This 
measuring jug. Heat the mixture If you want your jelly to taste nice, might take a bit of time. 
in a microwave or on the hob, add some sugar at this point - 7 
according to the instructions. tonic water tastes very bitter. —“» \_ TOP Tip 
, = / , 3 — UV lights are sometimes 
a —— ) ZA i? — Lr known as black lights, y 
—- y Si SE _— buy them from some Frdban 
1 yj i> — f and security shops, or try 
J) | | {oon} y a ia) | \ | online retailers, 
Soo | | f | 
| oes | L// eS 
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a sudstance called 
"LEAN late nee 


dae a tonic water 


GLOWING 
PLANTS 


Chlorophyll is the substance that makes many 
plants green, and its job is to capture sunlight. It 
does this so that the plant can grow, but you can 
make it glow instead. 


? 


other leafy green vegetable glass through a coffee filter 

with a pestle and mortar. Add or a fine strainer to remove 
a little alcohol. This strips the the lumps. The green liquid you 
chlorophyll out of the leaves. are left with contains chlorophyll. 


Mash up some spinach or A Pour the green liquid into a 
ea 


Bright bananas 

When living cells in plants die, the chlorophyll 
that they contain breaks down to form other 
chemicals, some of which are fluorescent. If you 
look at an over-ripe banana under ultraviolet light, 
you will see little glowing rings around the black 
spots on its skin, showing that fluorescent 
chemicals are forming there. 


ONDS 
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Gamma rays 


Z:\ WARNING! 


Rubbing alcohol, also known 


OS surgical Spirit, co 
Concentration of pur 
used QS an antisep 
toxic $0 You must n 
It is also highly flam 
Only in a Welle 
do not in 
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bright red as the 


ntains q high 
€ alcohol. It is 
tic, but it is 
ever drink it, 
mable, Use it 
ventilated greg and 
hale the fumes, 


Turn out the lights 
and put the liquid 
under a UV light. 

The green shows up 


chlorophyll fluoresces. 


HOW DOES 


THIS WORIC? 


| 


X-rays 


UV rays 


Visible light is just one type of electrom 
to the human eye. Ultraviolet rays are c 
frequency than visible light 
but certain chemicals can a hem 
frequencies as visible light. The quinine In 
substance that can do this, and the chlorop 


Visible 
light 





and are more powerful. We can 
bsorb them and then release the energy at lower 
tonic water is one example of a 

hyll found in green plants is another. 


Infrared rays 


YOU WILL NEED: 


Spinach or other leafy green vegetable 
Pestle and mortar 

Coffee filter paper or fine strainer 
Rubbing alcohol 

Glass 

UV light 


20 mins 





agnetic wave. Other types are invisible 
ontained in sunlight; they have a higher 


+t see ultraviolet rays, 


Electromagnetic spectrum 
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Microwaves Radio waves 


= pA 


. te & 


* 


- 


] 


ee! DIZIRIS 
» UP, PERTD 






-~ 


é 
= i 


Lis y 
ay | 





Eve - nae its direction. Two mirrors — 
Mirrors reflect light - they oe nd ight so that it travels 


t the correct angle | | 
sand corners. See for yourself by making a perisenpe 


é 


T 
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Cut the tops off both of the juice ; A® Cuia square opening at one 
cartons. Rinse out the cartons well end of the box. Then cut asecond _ 
= 


and let them dry. Tape the open square, the same size as the first, 
ends of the two cartons together but on the other side of the box and at 


to make one long, narrow box. the opposite end. 


First 


SPeMNG Sees 








Second | 
opening 







HOW DOES | 
THIS WORIC? 


Fate eat Light enters here 











The first mirror 





| i 
uf We see objects that do not produce Lolhcadkthe 

* ) their own light because light is reflected light onto the 
‘ second mirror 






off them. Smooth, shiny objects reflect more 

light than rough, dark objects. Mirrors reflect 
almost all of the light that falls on them. They 
bounce the light back in only one direction, 
rather than scattering it in many directions, 
forming a reversed image of whatever is in 
front of them. A periscope uses mirrors to 
bounce light from an object off one mirror 
onto another and into your eyes. 







Inside a 
periscope 









The lower -==-4---- 
mirror shows 
the view 
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~ *_- YOU WILL NEED: 


Bris. 
COPE! 
vt _e 


-. ? 
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a Two juice or milk cartons , 
we Scissors 

. Sticky tape ' 
Protractor , 
Pencil 
Two plastic craft mirrors 
Paint or paper to decorate 


(&) Fr Ai 


30 mins 





TOP Tip 


Plastic craft mirrors are available 
from Craft and Modelemakin 
Suppliers as well as online, The 
Can easily be cut with sharp 
SCISSOrS Or a craft knife, Ask an 
adult to cut them Slightly wider 
than your Cartons, 


#® Lie the box on its side. Use a protractor 
; to mark a 45° angle at each end of the 

I box, sloping away from the openings. 

Draw lines at this angle the same length as your 

mirrors. Turn over the box and repeat. Ask an 

adult to help you to cut along the lines. r 










Slide your 
4 mirrors into the 
slots, with the shiny 
~ side of the top mirror | 
facing downwards and the 
shiny side of the bottom 
mirror facing upwards. 
Push the mirrors all the 
_way in till they reach the 
"slots at the other side. -~ \ 
F . ‘ 


S| 






“# 


Liaht enters 
at the top of 
the periscope .....------ 


c. Decorate your 

) periscope. Wrapping 
WI it in paper will make 
it easier to paint, and also 
help to keep the mirrors in 
place. Use your homemade 
periscope to see round 
corners and over walls 
by looking through the 
hole at the bottom. 
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wv A ee 
= = a 
= Mystery reflection , ed é * 
— Stand two small, flat mirrors at right a eren 
a angles to each other and place a small 7 Ph 

v ; : : . — «* 
ey object directly in front of them. How ty et 
om many reflections can you see? There will » a 
wut be a reflection in each of the mirrors. paid py 
©} That's two reflections, but you can see ose 4 
on three. Each of the reflections is itself . $ he 
== reflected by the other mirror, but the ™* 
Vw ; : 
‘n two extra reflections form in exactly the 


same position, meaning that you only 
see one more reflection — a total of three. 





One od ject 


produces three 


reflections (a Two 
purrers. standin 


at right angles 





SCIENCE AROUND US 





Over the top 

In a crowd, periscopes can be very useful. Brightly coloured 
periscopes can often be seen at races, golf tournaments, 
and other events, as spectators at the back use them to see 


_ over the heads of the people in front. Military submarines use 


retractable periscopes, allowing the crew to see above the 
waves while the vessel stays safely submerged. 
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1UISIE 
TELESCOPE 
but when it travels from one 


bend, This. 's called 
ake distant things 





| ight lines 
Light usually travels in straig if 
Featinnent substance to another it can . 
refraction and it can be very useful 2 it fe 
look closer. Try a spot of star gazing wit 


this DIY telescope. 





YOU WILL NEED: 


Two magnifying glasses, one stronger 
than the other 

Ruler or measuring tape 

Two sheets of card 

Sticky tape 


@) #% 


90 mins 





by looking at some printed text 

through each one in turn to see 
which one magnifies it the most. The 
stronger of the two lenses will be your 
telescope’s eyepiece lens. The weaker 
one is called the object lens. 


: Check which lens is stronger 


lens further away than the eyepiece. 

Look through both lenses at something 
in the distance. Move the object lens back 
and forth until you see a sharp, upside-down 
image. Ask someone to measure the distance 
between the two lenses. 


A Hold up the two lenses, with the object 
a 


Eye in the sky 

Very large lenses are difficult to manufacture, so powerful 
telescopes use curved mirrors to focus light instead. Light bends 
as It passes through Earth’s atmosphere, so telescopes are 
situated as high up as possible - some are even launched into 
space. The Hubble Space Telescope has been in orbit since 
1990, sending thousands of breathtaking images down to Earth. 
This one shows a dying star in the constellation of Puppis. 
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=< M@¥® Make two tubes by 
rf rolling up two sheets 
25 I of card and securing 
Ps them with tape. One tube 
= must be slightly narrower 
in than the other so that it fits 


snugly inside. The combined 
length of both tubes should 
be a little longer than the 
distance you measured 

in step 2. 





é 


Z:\ WARNING! 


Never, ever loo 


k at the Sun 


or bright lights, 
lens or with the 


either through q 
naked eye, This 


end of the narrower tube 
with tape. Stick the object 
lens to one end of the other tube. 





at Stick the eyepiece to one 








Can Cause blindness Or Other 
Permanent damage to 
your sight, 


- 


| c. Now slide the tubes inside 
) each other with a lens 
WP at each end. Hold the 
eyepiece to your eye and slide 
the object lens back and forth , 
until you see a sharp image. 


7 





Trick of the light 

A pencil half-submerged in a 
glass of water seems to bend 
at the point where it enters 
the water. The light travelling 
from the pencil to your eyes is 
refracted as it passes from 
the water into the air. 


ee _—e 
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_ 
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HOW DOES 
THIS WORIC? 


When light travels at an angle from one transparent 
substance into another of a different density, it 
changes direction slightly. The lens in a magnifying 
glass is made of transparent plastic or glass and is 
specially shaped to bend the light towards its thicker 
part. This focuses the light and makes an object 
viewed through it appear closer, because the light 
rays appear to have come from a nearer point. In your 
telescope, the object lens collects light from a distant 
object and brings that light to a focus. The eyepiece 
lens then magnifies the image. 


__..., Object lens 









a ate Light is bent into 
a point by the 
object lens 


hot 


‘ Light enters ' 
the telescope 7 a 
Y) 
x 
. 


Eyepiece lens 
magnifies the image ! 
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DBOARI 
CAME 


e in use long before photog 
room « with a pinhole or lens 








Did you know that cameras wer 


invet ark 
ted? A box = or evena d ol 
can! screen positioned 


opposite. This type of device is 


0: YOU WILL NEED: 


ie 


Empty cube-shaped tissue box 
Cardboard toilet-roll tube 
Small magnifying glass ¢ 
Sheet of tracing paper 

Paper to decorate 

Scissors 

Sticky tape 


raphy was 
in one side 





an image on a ur own , 
alas th erika gbscurd (‘darkened room”) and you can make yo 30 mins 
trom a cardboard box. 
e | TOP TIP 
a —S Take an empty tissue box. Making 
— — On the opposite side to the apinhole a q obscura with 
“<S - | opening, hold the cardboard difficult ft a but more : a frit 
tube and draw around it ina a sharp image ace ae For | 
circle. Push a pencil through the Small hole, a ety 





middle of the circle to make a 
hole and then carefully cut out 
the circle with scissors. 


#® Wrap the box in coloured 
A paper (without covering up 
mm™ the openings) and secure 
with tape. Tape a magnifying glass 
to the end of the cardboard tube 
and slide the tube into the hole 
you made in the box. It should 
move easily in and out. 






#@® Cut a sheet of tracing 
3 paper down to size 
\ I and tape it over the 
* Opening of the box. It should 
- be stretched taut, with 
— no wrinkles. 
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Eye spy 

The human eye works in a 
similar way to a camera. Light 
enters through the pupil and 
passes through a lens, which 
focuses the light onto the 
retina, a light-sensitive layer 


at the back of the eye. Cells 
in the retina then send signals 
to the brain, which interprets 
them as an image. 
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hole the | 





But the Smaller the 


ss light can enter 
and the darker the 


Image will be, 
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HOW DOES 
| THIS WORK? 






NTS 


Camera obscura 












Ball ; 
a = Camera obscuras were used centuries 
| , Fake Yee | : S _ ago by Chinese, Greek, and Arabian 
cel When light ea Re ; J or tec ne 2 Civilizations to project images onto a 
: arkened roo 
» scene enters a dal Pee ce mrolecté x bottom of the image <i __ wall or screen. But it was not until the 
. : a box through a pinhole, ¥ r on the screen a 19th century that techniques were 
. ; i P 
an image of the et aa ow invented to record the image and make 
; The pinhole focuses the Ig =S = a photograph. The earliest photograph 








the screen. Light rays cross as they 
go through the pinhole, meaning 
that the image ends up back to 
front and upside down. Using a 
magnifying glass lens means that 
y you can have a bigger hole and so 
a brighter image. The lens bends 4 
the light towards its thickest part, Light rays from the 


forming the bottom of the object 
focusing the light and g form the top of the 


image you see. image on the screen 


still in existence was taken by French 
inventor Joseph Niépce in 1826 or 
1827 using a light-sensitive piece of 
pewter and a camera obscura. The 
pewter had to be exposed to light 
from the pinhole for eight hours to 
make the picture below. 
























weneeenene-------. Moving the Le ens 
allows you to 








foeu vee appears on 
different TO SCLCCMiaunaccnuccech seven 
ob jects 











TOP Tip 


For your Camera t 
0 Work, the 
a ect needs to be very wel lit 
ry Pointing it ata TV or computer 
screen, Light darker Subjects with 


Z L Point your camera at a table lamps or g torch, 









bright object and move the 
lens in and out until you see 
a sharp image appear on the 
screen. It will be back to front 
and upside down. 
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YOU WILL NEED: 


Three 2-mm=wide pencil leads for 











eS ; 
oe ts . » ( = a mechanical pencil 
Le 4 . , om Pencil 
Te Scissors 
we o | Matchbox 
yh - . ; ‘5evolt battery 
bi She’ oi 7. Wat vibrations ~ 
le oo ae . n, Micro hones pick up Pair of headphones or earphones 
ee ae Sound IS caused by vibratio 1 : | | which earphones Three lengths of electrical wire, each 
Pathe = to an electrical signal, | 
He sof eg and change them into 4. You can hear this in action by making eT ule 
w.. “ fr 4 e 
BAA ak sound. You C i rocodile clips 
Mega translate back into box and a few pencil leads. 
shee" qa microphone from a matchbo ea 
ae : (&) Gry 
( Gs 15 mins 
: *, a 
er SS — > 
poe f TOP TIP \ \ 
> 4¥ . headphones are stereo; \ . 
ton tee Ki aa plug at the end of the wire \ 
. | , has three contacts. Connect the » 
. wires from your matchbox | \p \ \V 
‘crophone and battery to the Use a pencil or other sharp ) 
cee contact closest to the wire point to make two holes in 
and either one of the other the end of the matchbox tray. 
two contacts. 


The holes should be side by side 
about 1 cm (0.4 in) apart. Make 
two more holes in the opposite 
end of the tray. 












Whale song 
Sound travels through different materials 
at different speeds. Its speed in air depends 


AROUND US 


Z yy: £ on the temperature. In warm air, the speed 

; wet of sound is about 1,230 kph (764 mph). 

ware In water, it travels four times faster. Sound nat 

. . < s” 4 ' travels such long distances in water that <> 

we ans » whales — which communicate by low-pitched a 

wens ) moaning noises - can hear each other = 
Rae oe oe “singing” hundreds or even thousands of A 

— > = kilometres away. 

L = 4 





#%& Snap two pencil leads 
A so that they are each 
mm about 1 cm (0.4 in) longer 

than the matchbox tray. Roughen 

the top surface of the leads by ingtt ie aeeatcu at th 

scraping them with a pair of ‘ See eT ey aD ie 

scissors. Push the leads through width of the matchbox. 

the holes in the matchbox with Roughen this lead by scraping 

the roughened sides on top. the surface. Lay it across the top 
of the other two leads with the 
roughened surfaces touching. 


3 Snap off a third pencil lead 


When you 
speak into the 
matchbox or 
Tap (Tt, the 
pence leads 
vibrate to 




























$ 


ie 
¥ bei, . ; ‘ a 
: 5 . : 
J\8 ¥ 
— = 
arabe Z HOW DOES 
Sound travels much more slowly than & ., 
nee << = c= / “- 
light, which is why in a storm you see nr i HSS \\ é 
lightning before you hear the rumble of . 
thunder. Put some talcum powder in a = Direction of sound wave 
. balloon then inflate it. Ask a friend to = £ 
walk a good distance away and then aa * es a aaalatatatatatatatanati TT te TTT 
=" Pe YT OA 
burst the balloon When the balloon Fs | | ht : ae | | | | Mi PWMNAWAA | 
pops, you will see a puff of talc before mal r VA \ | | | | | \ | | | | \ | | tH | I} 
you hear the noise. > ¥ 7 aap? oa | HUGE PPS oe 8 


i 
Rarefaction + Compression 


Sound wave 








When something vibrates, it pushes against the air many times 






ey ee ; 
a | 









= every second. This produces a series of high-pressure dae cae 
3 =. | : compressions, separated by low-pressure regions called rarefactions. 
| I When these pulses hit something, they make It vibrate in Ee 
A =o ) a i Speaking into the matchbox makes the pencil leads ene ba 
a 2 a varies the electric current flowing through them. a C 
’ a 3 a ne then change these current variations back into sound. 









and ask an adult to strip the 
insulation off all of the ends. 
Using crocodile clips, connect 
one wire between one lead and 
the battery, another between the 
battery and the jack plug of your 
earphones, and the last between 
the jack plug and the other lead. 


él Take three lengths of wire 

















eee ee nnennnen nen n nnn: Battery provides 
electrit current 





Cc. Put the earphones on 

and ask someone to hold 
I the matchbox tray and - 
keeping it horizontal — speak into 
it or tap it. You should be able to 
hear the sound through one of 
the earphones. 





eo. Earphones 
convert 
electrical strqanal 
Back nto sound 










Gas eeecee 
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> oe ee - YOU WILL NEED: 
TAI pee ct i: Eight identical bottles . 
ee 5 Water 
Pa eae Food colouring (optional) 4 e 
A TUNE = é 
> + 
: . ans 
equenc At | 
Different frequency sound waves make different sounds. A bone iat ect x: | Asia 
kes a high-pitched sound. When you s a > et, 
’ sound wave makes kes a sound), You can alter the pitch of the )E de 
piesenee ae At o the object. Let's make some music!  ==——tomins Po 
ma 2. 
sound by changing the ; 0 | ; 
Tap each of your ae. A® Fill the bottles 
: bottles with the { ? with different 
spoon. They all /) m= amounts of 
make the same sound. 7 W coloured water. Now 
: i each one will make a 
‘ A. different sound when 7 A 
¥ L/ you strike it. . r }| 
_| | 
- t 











Adding wat er.._il 
— redvutes the — 


resonant 


frequency 








HOW DOES 
THIS WORK? 


hat vibrate slowly produce low-frequency 
SP Peeve This means there are fewer compressions 
per second, so they are said to have long wavelengths. 
We hear these sounds as low-pitched. Objects that 
vibrate more quickly produce sound waves with a higher 
frequency — more compressions per second and a short 
wavelength. We hear these sounds as high-pitched. 










Long wavelength - 


Short wavelength — distance between the 
compressions are compressions is greater , 
closer together , i 












Low-frequency sound wave High-frequency sound wave 


The more massive the object, the more slowly it vibrates 
and the lower the frequency of the sound. A bottle with 
more water in it has more mass, so the sound it makes Is § 
lower pitched than a bottle containing less water. 








The bottle 
wth the most 
mass produces 
the most 













low-pitcthed 


sound 





Sa a 











A shattering experience 


The frequency at which an object naturally vibrates is called 
its resonant frequency. If you strike an object it will resonate 
(vibrate at its resonant frequency). An object will also resonate 
if it is exposed to sound at its resonant frequency. When a 
delicate object like a wine glass is exposed to very loud sound 


ai 


SJ 


= 


\= 


nie 


AROUND US 


at its resonant frequency the vibration can become so powerful 


that the object shatters. 





@® Adjust the 

3 amount of 
I water in the 
bottles until they 
make harmonious 
(pleasant) sounds 
when struck at the 
same time. Now you 
can play a tune! 
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TOP TIp 


If you blow acros 
. S the top of th 
fae Instead of tapping them i 
Erect Is reversed, The bottle with the 


most water will now h 
high-pitched Soun Sata 


the air in the bott 
bottle and the wat 


d, Blowing vibrates 


er, The bottle with 


the most water 


has the least air, 





Table amplifier 

Strike a tuning fork and listen to the 
sound it makes. Notice how slowly it 
dies away. Now strike the fork again, 
but this time touch its base to a wooden 
table. The vibrating fork makes the table 
vibrate so the sound comes from a larger 
area. The energy from the vibrations is 
transferred to sound waves more rapidly, 
so the sound is louder but it also dies 
away more quickly. 
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The modern world is full 
and magnetism, 
_ computers and T 


used for many other 


rom 
Vs, and 
-—*without them: Electricity an 
things, 


meteorites and breaking 
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of devices that use electricity 
ht bulbs and kettles tO 
ite would be very dit fer OM meme 
d magnetism can be 
too, from collecting 


down chemicals to tracking 
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YOU WILL NEED: 


Tissue paper 


| CHARM A 
| CHARM + 
¥ = cissor 
PAPER SNAKE = 
: || a = Pen 
Everything in the world is made of atoms. Usually an atom has no ) KR 


charge but when objects rub together, static electric charges can 
build up. See for yourself with just a pen and some tissue paper. 













10 mins 








a sheet of tissue paper and then 

cut it out. Place it on a foil dish 
and bend the head slightly 
upwards. Take a pen and rub it 
vigorously on a woollen surface, 
such as a jumper or a carpet. This 
gives the pen a static charge. 


: Draw a spiral-shaped snake on 








: kubbing the 
pen awes Tt a 





= 
= 





HOW DOES 
THIS WORK? 


Inside an atom, negatively charged electrons 
are held in orbit around a positively charged 
nucleus. When objects touch, electrons 
sometimes jump between them. An object 
that has gained electrons is left with a 
negative charge, while an object stripped 

of electrons is positively charged. 





























#® Hold the pen over the 
snake’s head. The paper is 
mm so light that the static 


charge in the pen should be 
enough to make the snake rise | 










The nucleus of an atom 
has a positive charge ___ 


' Negatively charged 
electrons orbit 
the nucleus 


Objects with a charge will try and gain 
or lose electrons in order to become 
neutral again. They will attract other 
objects, like the snake. If the attraction 
is strong enough, a tiny flash can be 
seen when the electricity discharges. 


a Leo 


o_o. - ore | 





TINY LIGHTNING 


Lightning is one of nature's most spectacular shows, and it is caused 
by static electricity. You can create a miniature version at home by 
making an electric charge jump through the air to your body. Don't 
worry = unlike the real thing, this light show Is perfectly safe. 


polystyrene tray and tape 

it to the middle of a foil dish. 
This creates a handle so that 
you can move the dish without 
letting the charge escape. 


: Cut the corner off a 


AROUND US 





CIENC 


S 


#® Take the rest of the 
polystyrene tray and 
mm rub it on your hair to give 


ita static charge. Then put it 
upside down on a flat surface. 





A 
jf 
Pe _ 4 
‘La i“ r/ A ‘ @¥® Being careful not to touch 
=_ 7 anything but the handle, 
) Se eS / I pick up the foil dish and 
=== £ put it down on top of the 
f polystyrene sheet. 


Turn out the lights and 
Z L then very slowly move 

your fingertip close to the 
edge of the foil dish. Watch for a 
tiny spark of lightning jumping 
from the dish to your finger. 


YOU WILL NEED: 


Foil dish 
Polystyrene tray 
Scissors 

Sticky tape 





10 mins 
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| DETECT A <> 
t STATIC CHARGE 


astic to charge Glue 





When you rub a balloon or a piece of pl 
+ with static electricity, 


charged? Static electric 7 
called an electroscope can show you it is there. 


from a biscuit wrapper, about 

1 cm (0.4 in) wide and 6 cm 
(2.4 in) long. The thinner the foil 
is, the better. Kitchen foil is too 
thick and won’t work. 


: Cut a strip of thin metal foil 


#®& Take aclean, empty glass 
jar and unscrew the lid. Ask 
mm an adult to drill a hole in the 


lid just big enough for the coat 
hanger wire to pass through. 


HOW DOES 
THIS WORIC? 


Your electroscope works because the foil and wire 
are conductors - materials with electrons that can 
easily move from atom to atom. When you rub the 
plastic pen and cloth together, the pengainsa 
negative charge. Moving the pen close to the tin foil 
ball repels electrons in it, because electrons have a 
negative charge and like charges repel one ana 
They move down the wire to the foil leaves. The bal 
ends up with a positive charge and the leaves both 
become negatively charged and repel each other. 
When you take the pen away the electrons spread . 
out evenly again and the leaves come together again. 


how do you know that it's + 
ity is invisible, but a device Cloth 



















YOU WILL NEED: 


Thin metal foil from a biscuit wrapper 
Glass jar with lid 

Wire coat hanger 

Wire cutters 

Scissors 

Drill 


Sticky tape 





15 mins 





@® Ask an adult to cut about 
3 8-10 cm (3-4 in) of wire 
I from the coat hanger. Bend 
the end of the piece of wire into 
an L shape. Fold your strip of foil 
in two and hang it on the end of 
the wire. Use a tiny spot of glue 
to hold the foil in place. 





Feed the other end of the 
él wire through the hole in 

the lid and screw the lid 
onto the jar. Pull the wire through 
the lid far enough so that the foil 
is not touching the bottom of the 
glass. If the wire does not fit 


snugly in the hole, use a spot 
of glue to keep it in place. 











Electrons leave the 
foil ball, giving it a 
positive charge 









Electrons move 
down the wire 









The negatively 
charged leaves push 
each other apart 





c. Roll the rest of the foil from 
the biscuit wrapper into a ball 

and push it onto the wire that 
is sticking through the lid. 


















oF | 
> Bending water - 
= Charge a plastic comb by running it 
or through dry hair several times. Turn on 
sn a tap so that a narrow stream of water 
4 is flowing. Bring the teeth of the 
z= ) charged comb up to the water. You will 
& Hold a plastic pen near us see the water bend towards the comb. 
the tinfoil ball. Nothing > Water molecules have a positive end 
kubhing the pen happens. Now rub the pen i and a negative end. The negatively 
wes V a static hard ona cloth and try again. \ ey charged comb attracts the positive 
eas as (tT The foil leaves inside the jar fly “SH ends of the water molecules. 
eTCps elena apart, indicating a static charge. 


from the cloth 








- Tape the lid 










on To create a r 
taht seal he. | 
=) Amber 
tl Bol 





The words “electricity” and “electron” 





j = } both come from the Greek word for 
i = amber: elektron. Amber — fossilized tree 
| tesin-is a bright orange substance 

ar —~ ny ‘ 
“4 | often used in jewellery. The ancient 
tn! Greeks knew that when they rubbed a 
rv 
= piece of amber with a cloth, the amber 
oat attracted bits of ash and dirt. 








They didn’t know it, but 
they had discovered 
static electricity. 
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Electric touch 
Static charges are responsible for 
the tiny shocks you sometimes get 
when you touch a metal door handle. 
They also make your hair stand on 
end when you pull a woollen jumper 
over your head or rub your hair with 
a balloon. The strands of hair are v 
attracted to the chee iter an 


= 
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) ae 
rent is a stream of neg 


hat are moving in th 
an electric current can eas 





An electric cur 
called electrons t 
static electricity, 
work = lighting the bulb 


of a torch, for example. 










Cut the neck off a small 
plastic bottle. This will be the 
reflector of your torch. Line 

the inside of it with aluminium 
foil, fixing the foil in position 
with glue or clear sticky tape. 
? 

empty sweets tube. This 

mm will be the body of your 

torch. If you want to decorate 
it, use glue and coloured paper 
to cover it, then leave it to dry. 
3 

in the tube, about the length 
I of a paper clip apart. Ask an 
adult to strip the ends of your wires. 
Thread a piece of wire through each 
slit. Wrap the exposed end of one 
wire around a brass fastener and 
press the fastener through the slit. 
Z L of wire and another fastener, but 

this time slip a paper clip onto 
the fastener before attaching the wire. 
Inside the tube, bend back the legs of 
the fasteners so that they are flush with 


the side of the tube, but make sure 
that they are not touching. 


Take the top off your 


Make two small, vertical slits 


Repeat with the second piece 


a 
ad 


c. Tape the two batteries 

| together, making sure that the 

Vd positive and negative terminals 

are touching. Tape the end of one 

_ wire to the bottom battery, then push 
both batteries fully into the tube. 


HT 
atively charged particles 


e same direction. Unlike 
ily be used to do 









YOU WILL NEED: 


Small plastic bottle 

Scissors 

Empty cardboard sweets tube 

Aluminium foil 

Two 1.5-volt C (R14) batteries 

Two 15=cm (6-in) lengths of insulated 
wire, all four ends stripped to 
approximately 1 cm (0.4 in) 

3evolt torch bulb 

Modelling clay 

Paper clip 

Two brass fasteners 

Electrical tape 

Paper and glue to decorate 


@ fr“ 


30 mins 













M Wrap the end of the second 
f wire around the bottom of 
the bulb and secure it with 
electrical tape. Hold the bulb 
against the top of the battery in 
the tube and use modelling clay 
to secure it tightly in place. 





@ Push the reflector into the — 
tube, narrow end first, so that 
it is secured in place by the 
modelling clay. To switch the torch 
on, touch the paper clip against the 
second brass fastener, completing 
the circuit and lighting up the bulb. 
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} —™ Ce \ Zz i _ Testing for conductors 
| HOW DO ~~ ae 
i = =? ae, ‘ e _ , oar / dD later Alo Ullal OV! \ ULL TIC 
| a is )) =) called conductors; those that do not 
THIS WORIC? é § Et] called conductors; those that do not 
} i HIS> A s & “Se ) YP) are insulators. To find out whether a | 
} = = i — | material is a co ; 
! f =A} £«Mat IS aco | 
Materials that conduct electricity are made ay & t | simple circuit. Connect the object you — I 
of atoms with electrons that can move Sr es - ( mt | want to test to a battery and a small | 
ily. j tom to atom. Normally , =| f light bulb. If the object is a conductor, 
eee aa diff t directions. Electrons moving in i om ue ! ela Seer } 
the electrons move in all different aire am different directions do ! , — i the bulb will light up. 
lf a conductor, such as copper wire, Is connecte not produce acurrent __..._____.__! ty S : | 
to a battery in a circuit, the negatively charged | | 
electrons flow towards the battery’s positive | 
terminal, producing a current. The battery produces @ _ iy 
electrical pressure, or voltage, which pushes the 
electrons along. The size of an electric current Is < 
measured in amperes, or amps. One amp is a flow of eS + 
about 6 million million million electrons per second. e- 
Other particles in.-------- iil 
the conductor 
do not move Electrons flowing in 


the same direction 
produce a current 



























SO EL 
= — ee ———— ——_— ae — 
=— = ee 









































ElecTtrieiTy well only ME oc a ee 
ZA Ow Chit has a complet a 
ccrcuct to ge around, so 
the Bulb lights up only 
when the paper clip 
connects the fasteners eee Se 





TOP Tip ~ 


The batteries Should fit ti 
inside the tube, If oy Se 
and down, the connection ne 
the light bulb might be broken 
If your tube is too long you fan 
trim it down to Size or use 
Modelling Clay to pack 
the batteries in place, 
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LIGHTEN UP! 


inventors took more than 100 years to perfect th 


ing electrical resistance il C 
Genes it to work is not as easy aS it looks! This 's a 


if you manage it it will brighten your day. 





Cut two pieces of thick wire #® Get an adult to drill two 
about 30 cm (12 in) in length. A holes in the top of the jar’s 

At one end of each attach a mm lid, just big enough for your 
crocodile clip. Ask an adult to wire to fit through. Push the wires 
strip off about 2 cm (0.8 in) of the through the holes, hooked ends 


insulation from the other ends 
and bend the wire into a hook. 


first, and glue them in place. 





@® Straighten out a paper clip 

3 and then curl it around a 
®&w nail to make acoil. This 
can be quite tricky, so ask an 
adult to help you. Rest the coiled 
paper clip in the hooks of wire. 
This is your filament. 





Light a tealight and 
Z drop it into the jar. Put 
the lid on tightly. After a 


few seconds the candle will run 
out of oxygen and go out. 


e incandescent light bulb, 


in coil of wire, Or filament, glow. 
hae tricky experiment, but 


YOU WILL NEED: 


Jar with lid 

Paper clip 

Nail 

Thick insulated electrical wire, at least 
2.5 mm (0.1 inch) diameter 

Crocodile clips 

Tea light candle 

Heavy duty 6-volt lantern battery 

Glue 

Wire cutters 

Wire strippers 





@) fais AN 


20 mins 











TOP Tip 


A filament made Out of thin iron 
wire may be made to glow more 
; easily, but it might also burn 

through completely, However, if 


: battery than specified here, J | 


try using q thinner filament, 














HOW DOES 
THIS WORIC? 


As current-carrying electrons move through a eee 
they collide with the atoms that the conductor Is made of. 
This slows the electrons down and turns some of their 
electrical energy into heat. This effect Is called resistance. 
Materials that are poor conductors have high resistance. : 
In your homemade light bulb the paper clip is made out 0 
steel, which conducts electricity much more poorly than 
the metal in the electrical wire. The resistance it provides 
is so high and produces so much heat that the paper clip 
begins to turn orange. Burning the candle first lets Pep 
paper clip glow for longer. It consumes the oxygen inside 
the jar that would otherwise react with the hot filament 
and make it burn out more quickly. 






















SWARNING: ~~ 


We used wires 2.5mm in diameter 
is ‘ ne 7 Wires thinner than this 7 
e attery of this size, They could 

Cal UP OF even catch fire. The pa 
Clip filament wil become very hot F 
not touch it until the battery has bell , 
disconnected and it has Stopped y 
glowing for some time, 


EUREICA MOMENTS 4m 











Switching on the lights 
US inventor Thomas Edison (1847-1931) was one of many 
scientists who made the first light bulbs. His 1879 bulb had a 
carbon filament that glowed brightly. Modern incandescent bulbs 
have a tungsten filament that heats up to about 3,000°C (5,500°F) 
and are filled with an inert (non-reactive) gas so that the filament 
does not burn through. 





Energy-saving light bulbs 

Incandescent bulbs glow by producing a large amount of 
heat, making them very inefficient. Increasingly, they are 
being replaced with bulbs that work in a different way. 
Fluorescent energy-saving bulbs produce light without 
producing much heat. They use electricity to energize 
mercury vapour. This produces invisible ultraviolet rays. 
A chemical coating inside the bulb changes the UV light 
into visible light. 


AROUND US 


al 
id 


SCIENC 
















= Y CIRCUIT 
SAL i we & 
t electricity well because they 
es are mixtures that conduc 7 
Siu one (electrically charged particles) that are free to move abo 


itinto a stronger electrolyte. 
It to water (a weak electrolyte) turns | 2 
ree veal you'll see that adding salt boosts the brightness of a bul 


a crocodile clip on one end 

only. Put the free end of the 
wires into a glass dish and tape 
them in position on opposite sides. 
Now fill the dish with water. 


terminal of the battery and 

the other wire to the light bulb. 
Use a third wire to connect the 
bulb to the other terminal 
of the battery. 


Take two wires, each with A Connect one wire to one 
= 








#¥® Slowly add table salt to 
the water, stirring it with 
I a plastic spoon (which does 


not conduct electricity) to help the 
salt dissolve. The more salt you add, 
the more brightly the bulb glows. 
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HOW DOES 
THIS WORIC? 


Usually, an electric current is carried by 


ions can carry a current. Adding more an 
number of ions the water contains, 
through. Inside the lemon, ions comp 
reason that the lemons pro 
of different metals. A chemical 


the electrons then move towards the silver coin, pr 





YOU WILL NEED: 


Glass dish 
Water 
Salt 





Three lengths of electrical wire, 
insulation stripped from the ends 
Plastic spoon 
It can be ver 
Y dangerous 
to mix water and electricity, This 
you, but you Should n 
ever use 
household electrical appliances 


9-volt battery 
Crocodile clips 
15 mins 
Experiment does Not use q large 
near water or YOU Could get 


Small bulb 
Table salt 
Zi\ WARNING: 
Enough current to Seriously harm 
ANnasty electric Shock, 


electrons, but in an electrolyte 

d more salt to water increases the 
meaning a stronger current can pass 

lete the circuit in a similar way. The 
duce a current is that the coins in them are made 
reaction strips electrons from the copper coin; 
oducing a current. 


c™ = po a= cc YOU WILL NEED: 
> | | = k g ; e Three lemons 
es me a Sharp knife 
i, —_ a Copper and silver coins 
i) h ; Three lengths of electrical wire, 
J rd insulation stripped from the ends 


Crocodile clips 
Voltmeter 





A battery uses an electrolyte to produce an electric 
current from a chemical reaction. But you don’t need 
batteries = some lemons will do! Lemon juice is an 
acid that can provide enough power to light up an LED. 


ae 











One by one, roll your #®% Ask an adult to make two #@®& Push acopper coin and Use crocodile clips and 
| lemons on a table to A slits in the skin of each 3 a silver coin into the slits Z L two wires to connect 

release the juices inside mm lemon using a sharp knife. I you made in each lemon. the three lemons. Each 
them. This will help the The slits should be the same Make sure that the coins are wire should run between a 


current to flow. width as your coins. touching the fruits’ flesh. silver coin and a copper coin. 












TO Pp TIP c. Connect the last copper 
in and the last silver coin 
4) sin place of coin an 
Zinc nails ie Jie Hook up I toavoltmeter. Threelemons / 
the SOE Ra to see how they fo can produce up to about 3volts- 
other ya your lemon hattery fe rw enough to light up an LED. "i 
caper rit and vegetables f Nc | 
ry hat 
Do apples work: 
about potatoes? 





Electrons flow 
from the copper 
coun to the 


silver corn ..-. 





p+ -- mE eeerdeneae 









aa a aa 
LJ Ni- IN i Q A YOU WILL NEED: 
i ) 7 25m (82eft) insulated single-core wire 


| HOMEMADE RADIO =~ 








Pencil 
; Crystal earpiece 
Radio waves are a type of energy wave with qd very long Germanium diode 
wavelength. Sound waves can be made to hitch a ride on radio Capperwire 


| 10-m (34-ft) wire for aerial 
waves and travel long distances around the globe. You can pick ria 


them up on a homemade radio, and you don’t even need ~ 


batteries - the radio waves themselves provide the current. 

















HOW DOES 
THIS WORIC? 


Your radio picks up AM (amplitude modulated) radio 
signals. These work by using a radio wave to act as a 
carrier wave for a sound wave. The sound wave varies 
the amplitude (strength) of the carrier wave, so the 
frequency of the carrier wave (vibrations per second) 
stays the same, but its size varies. 


(0.4 in) apart at the top and 
bottom of a cardboard tube. 
Thread the insulated single-core 
wire through the top two holes and 
pull about 4 cm (1.5 in) through. 
This anchors the wire in place. 


: Make two holes about 1 cm 





#® Wind the wire around the 
A cardboard tube, keeping 
mm the coils close together. 

After six turns, place a pencil 
down the side of the tube and 

wrap the wire around the 
pencil to make a small loop. 
Continue like this, with six 
turns then a loop, until you 
reach the bottom of the tube. 





Carrier wave has a 
certain frequency 











Sound wave changes the 
amplitude of the carrier wave 





Each radio station has its own carrier wave with a particular 
frequency. The aerial of your radio picks up radio waves and 
turns the energy that they contain into tiny electric currents. 
The current passes through the coil of wire, which acts like a 
filter, only allowing a signal of one frequency through. The 
germanium diode receives the current and separates the bit 
relating to the sound wave from the bit relating to the carrier 
wave so that the earpiece can convert it back into sound. 


@® Thread the wire through 
3 the two holes at the 

I bottom of the tube as 

you did at the top. Leave 

15 cm (6 in) then cut the wire. 

Slide the pencil out and ask 

an adult to strip the insulation 

from the end of the wire 

and from each of the loops. 










WARNING! 


radio needs along aerial 
. wil not work. However, it is 
important that you do not put 
up your aerial anywhere near 
overhead power lines or i 
there is any danger of lightning. 





c. Connect the base of 
) your aerial to the loop 
I at the top of your 


radio using a length of wire 


of wire from somewhere high up, such pndaworctocodile. cline. 


as a tree, to the place where you want 
to listen to your radio. This is your aerial. 


él Ask an adult to run at least 10 m (83 ft) 


to diode with 
wre and Tro 


crocodile cl. Ops 









Earprece 


=se==5 








This wire connects To 
the earth wire, 
1 





-----Clip This 
connection 
toa loop on 
the radio 


the crystal earpiece’s wires. Connect one of them 

to the germanium diode, then connect the other 
side of the diode to one of the loops on your radio. 
Connect the other side of the earpiece to the wire at the 
bottom of the radio (the one the earth wire connects to). 


| Ask an adult to strip the insulation off the ends of 


Aerial ntroduces -------+-------- 


acurrent ato 


Put the earpiece in and see if the radio 
you can hear anything. If not, try 
moving the metal clip connected 


to the diode to a different loop on the 
coil and listen again. 





_.€arprece converts 
electrical current 


Germann diode 
ate sound , 


recewes the 
current and 
Separates the 
information 
Si (t carrves 





Sk tae er el Ge ee 

























Mm Your radio needs an earth 
6 connection. Twist a copper 
wire into a coil. Connect it to 
the wire at the bottom of your radio 
using a wire and two crocodile clips, 
then bury the coil in the ground. 


TOP Tip 


For best results, 
evening, AM radi 
bouncing up and 
ground and a laye 


try listening in the 
0 Signals travel by 
down between the 


r of the atmosphe 
Called the lonosphere, This ot - 


Quite turbulent during the day, when 
Solar energy stirs it up, but it : more 
Stable at night and SO reflects « 
radio waves better, cee 





)} Earth connection ._......--! 
wes the current 

somewhere To 
{lew To, se your 
racho works Better 
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\ ma I YOU WILL NEED: 
E b d | i L | Empty CD case 
ee ee ee za eS cee tape 
1) = i . J i Battery-powered calculator 
| = 


ound by using a metal 


that pass through the 
10 mins 





under the ground can be f 
nvisible radio waves 
ft metal objects, and are then pic 
at you can find: 


— 


Metal objects hidden 
detector. This device uses | 
ground, bounce 0 
Make your own and see wh 





ked up by the detector. 











TOP Tip 


Socket, tr 


AROUND US 


Changes in the tone b 
etter, but don’ 
Take an empty CD case and a the volume up too high If ee 
stick the calculator to one side i radio station at the end of the 
of it using double-sided tape. M band, tune it as Close as you 


Turn the calculator on. Can so you hear only static, 





#®& Stick the radio to the other 
A side of the CD case with 

mm double-sided tape. Both 
the radio and the calculator 


should be facing inwards. 





3 Turn the radio on and tune it to the 


If your radio has an earphone 
y USING earphones to hear 











top of the AM (medium wave) band, 

making sure not to tune it to a station. 
Turn up the volume so that all you can hear 
is static (hissing). Close the CD case until 
you can hear a loud tone. 


HOW DOES 
THIS WORIC? 


Metal detectors work by producing a radio 
signal and then detecting disturbances to it 
caused by hidden metal objects. Like all 
electrical appliances, the calculator gives out a 
weak radio signal. This is picked up by the radio 
and sounds like a musical note, or tone. When 
your detector is held over a metal object, some \ 
of this radio signal is reflected back up to the 
radio and makes the tone louder. This works eee eae 
because radio waves Can pass through most the metal key oo 
materials but not metals. 10 THEACIO Wana naet gtr 









Radio waves given 
out by the calculator 





Z Open the case again until you can The CD case holds 
only just hear the tone. Hold the ae calle and 
case in this position. When you radio in place 


move the detector over something made 
of metal, the tone will grow louder. 







The radio ents a 
tone when metal 
‘S nearby 


Le ee | if 









MICRO 


: When rain is forecast, place a 





~o = YOU WILL NEED: 
SCOPIC Shallow tray 


ae a, Paper cup 
P| String 
on G > Strong magnet 
Microscope or magnifying glass 
A rainy day 








MIz TI: 


hunks of space rock that have entered Earth's 













ec ; 
Ceara fallen to the oe tea oe Se vithe a 
only fall to the grou ns. @) FX 
Be ro ie ; a enough magnet, you can find one. Sere 





perseverance an 





shallow tray outside somewhere that 
it won’t be disturbed. Your tray must 
be thoroughly clean beforehand. 
Leave it to collect rainwater. 









#® Bring the tray inside and put it 

A ina warm place. Leave it until 
mm all the water has evaporated. 

Micrometeorites are not visible to the 


naked eye, but there may be specks 
of dust or dirt left on the tray. 







M@® Take your paper cup and 
3 make two holes opposite 

I each other near the rim. 

Thread a length of string through 

them to make a handle and place 

a magnet inside the cup. 















Sweep the cup over the tray. 
TOP TIP Z Any magnetic metallic dust will 
wvities require be attracted by the magnet 
ese activities re | 
a rar perma See and stick to the bottom of the cup. c. pirates ie - eee i 
oe stronaes magnets Cr aa Soe piMicsepiewss cy Ue uD a eee 6 2 the cup over a 
ee earth magnet sr pas Muga aeor esr altrartog tonite sheet of white ee of use a nifyin 
i ats are a cheap a” magnet because they contain iron. pee oe ne 
1 btainable type of rare glass. What can you see? Any particles 
0 


earth magnet. that are spherical or look like flakes could 
have come from outer space. 


\ “AUS bit * YOU WILL NEED: 
VA AG NS [- ; | J Breakfast cereal 








Blend 
— - a rite sates bag 
3) i k i k > ; Strong magnet 
= a Hot water 
It might not sound very appetizing, but iron is vital for a / 
healthy diet. Using its magnetic properties, you can (&) 
separate this metal from your breakfast cereal. 20 mins 


HOW DOES 
THIS WORK? 


All magnets are surrounded by a field that is strongest at its ends, 
or poles. When two magnets are near each other, their opposite 
poles attract and like poles repel. Anything that attracts Iron Is 
classed as a magnet. Materials that behave like magnets when 
inside a magnetic field are known as magnetic materials. 


blender and add some 

hot water — just enough 
to cover all of the cereal. 
Turn on the blender for 
about 1 minute, until your 
cereal mixture is thoroughly 
blended with no lumps. 


: Put a cup of cereal into a 


Lines of force are 
concentrated near 
the poles 


#®& Pour the blended mixture 
A into a plastic storage bag 
m@™ and zip the bag shut. 
Leave it to sit for 5 minutes - 
this will allow the iron to sink 


to the bottom. 


The atoms in magnetic materials are arranged in groups, or 
domains, which act like tiny magnets. Normally, the domains point 
in all directions, cancelling out their magnetism. In a magnetic 
field, the domains line up, making the material magnetic. Some 
materials, such as nickel and iron, lose their magnetic field when 
they are removed from the field. Others, such as steel, become 
permanent magnets if magnetized once. 















ao Sosa - 


@& Take your magnet and run it 
3 along the bottom of the bag, 

I using lots of even strokes in the | 

same direction. The little black specks 

that you will see collecting around the 

magnet are ices fen 


Unmagnetized | Magnetized 
domains ‘ domains 


4 





Iron in you , 
Our bodies need iron to function, which — 
is why tiny amounts of it are sprayed | 
onto the surface of breakfast cereals. 

On average there is 4 g (0.14 oz) of iron 


in a human body. Most of it is used in 
a substance called haemoglobin, a 
protein found inside red blood cells. 
Haemoglobin carries oxygen from 
the lungs around the body. 




















YOU WILL NEED: 


Screwdriver with a plastic handle 


AN 
a eee Insulated wire 
OMAGNET = 


Steel paper clips 





BUILD 
‘ = oy i 
l= 1_l- Sw 
Electromagnets are electrically powered magnets. Unlike permanent Wiedttepertd esc 
ectrom 


‘ng them useful for devices NN fh 
nbe switched on and off, making (S) fa A A 
ere amenlt field is only needed some of the time, such as 


romagnet antes 
loudspeakers and disc drives. You can make your own electromag aa 
from a simple screwdriver. 








TOP Tip 


Try varying the num 
your electromagnet to see how this 
affects the Magnetic field Produced 
Does an electromagnet with | 
80 coils work better than 
one with just 402 


ber of coils on 





one end of your wire, stick 


: About 30 cm (12 in) from 
the wire to the base of the A Wrap the wire tightly 
= 


+ a around the metal blade of 
screwdriver’s handle, where : 
' the screwdriver 60 times. 
it meets the blade, with a 


eon ind Use sticky tape around the last 
P Be turn to hold it securely in place. 


SCIENCE AROUND US 





A® Leave a length of 30 cm (12 in) 

3 then cut the wire. Ask an adult to 
Ww remove the insulation from the last 
2-3 cm (1 in). Then strip the same amount 
off the end attached to the handle. 





Connect one end of the 
Z L wire to one terminal of the 

battery, and the other end 
to the battery’s other terminal. 


HOW DOES 
THIS WORIC? 


Electricity and magnetism are very closely related. When 4 
electricity flows, it produces a magnetic field. When the currer 
is turned off, the magnetism disappears. A current-carrying sa 
wound into a coil produces a more concentrated magnetic field, 
like that of a bar magnet, and using a metal core makes the 


magnetism even stronger. 


Magnetic field 


South 
pole 





Sh ws albatrccecmeat If the current were flowing in 
the opposite direction, the 
poles would switch places 


Screwdriver 
Becomes a magnet 
when the current 
S settched aon 





Cc. Touch the end of 
the screwdriver blade 
I to some paper clips. 
How many can it pick up? 
Disconnect the wires 

from the battery and try 
again — the screwdriver 
should lose its magnetism. 

















= 
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m. See how magnet 
e e ' 
Screwdriver is before Starting the ; 


ea = how many paper Clips 

an it PICk up? Then test how man 
more Stick to it after turning it : 
into an electromagnet, 












VAI A MOTOR 


tic attraction and 
ctric motors use electromagne | 
Sepidcion to convert electricity into povement ee e 
used in all sorts of machines from high-speed tral 


: is Si rsion won't provide 
washing machines. This simple ve orinciple. 


much power but it works on exactly the same 
Get spinning: 





Make a coil by wrapping 
: enamelled copper wire 

20 times around an AA battery 
or chunky marker pen. Leave 
about 5 cm (2 in) of wire sticking 
out from each side of the coil. 
Slide the coil off the pen and 
wrap the ends around the inside 
of the coil to stop it unwinding. 





Ask an adult to scrape the 
enamel coating off one end 
of the wire using scissors 


2 


or sandpaper. Then scrape the 
enamel off the other end of the 
wire — but this time only remove 
it from one side. Leave the other 
side in tact. 


HOW DOES 
THIS WORIC? 


An electric motor contains a rotating 
electromagnet called a rotor. Its north and south 
poles are attracted to the opposite poles of a 
nearby permanent magnet, making the coil rotate 
half a turn. The current is then reversed, reversing 
the rotor’s magnetic poles, so it is repelled by the 
permanent magnet and completes another half 
turn in the same direction. Continually reversing 
the current like this makes the coil spin. Your ; 
simple version works in a similar way. The coil is 
the rotor, and when the current runs through it, it is 
attracted to the magnet. Instead of reversing the 
current, leaving insulation on half of one end of 
the wire turns the current off every half turn, 

so the coil is attracted in a series of pulses. 







Component called the 
communicator reverses 
the current every half turn, 
reversing the rotor’s 
magnetic field 
















Battery supplies 
an electric current......- -« 










YOU WILL NEED: 


D-cell battery (1.5 volts) 

Strong magnet 

{1m (3 ft) of enamelled copper wire, 
also called magnet wire 

AA battery, marker pen, or item of 
similar width 

Rubber bands 

Two large paper clips 


(S) FA Ai 


30 mins 





At one end of 
the “abc fF 
only half o 

the ansulation 





M#® Bend the paper clips in the 
3 middle to form supports for 
wd the coil. Place one paper clip 

on each end of the D-cell battery 
and wrap rubber bands around the 
battery to hold the clips in position. 


Permanent magnet 
alternately attracts and 
repels the rotor to make it 
spin continuously 


a 









Ba ah ees Rotor turns into a 
magnet when the electric 
Current is switched on 





Electric motor 





















Michael’s motor 
The very first electric motor was invented 
by English scientist Michael Faraday 
(1791-1867) in 1821. He hung a wire so 
that the end dipped into a dish of mercury — 
a metal that is liquid at room temperature. 
The wire was free to move. A magnet sat in 
the middle of the dish of mercury. When the 
wire and the mercury were connected to a 
battery, the wire started moving around the 
magnet. Today’s electric motors are based 
on this discovery. 






Dish of 
mercury with 
magnet aside 


TOP TIP 
\t you can't get hold of a bar 
| cabs the 
 eeoygh while stil being 
uah while sti 
Fe Fe to fit the battery, try 
: tack of 15 oF $0 


using aS ‘ 
40 mm (0:4 in) peo 
disc magnets instead: 








wire « coat ed 
” enamel 





Only one hal. of 
ed end oe 

















se ake Wire moves 
around the 
magnet 















Faraday’s motor 








\ 


The moving part of 
a motor «s called 
the rotor 










Motor in minutes 

This simple motor has even fewer 
components but demonstrates a 
similar principle. Strip about 12 mm 
(0.5 in) of insulation from each end of 
a 15 cm (6 in) piece of wire. Snap a 
neodymium disc magnet onto the 
head of a steel screw. Hold the 
screw up to a D-cell battery so that 
the screw’s point sticks to the 
battery’s positive terminal. Touch one 
end of the wire on the battery’s free 
terminal and the other end against 
the side of the magnet. The screw 
and magnet will start spinning. 


ONDS 


=C 


IN SI 


0 


SCIENC 





Stick the magnet to 
Z L the side of the battery. 

Hang the coil in the 
paper clip hooks and give it a 
spin. The coil should continue 
spinning. lf it doesn’t, try 
moving the coil closer to the 
magnet or try using a more 
powerful magnet. 
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"discoveries and inventions mea 
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= . : i —. YOU WILL NEED: 
ae A, “a, Rm) v2 
Se ne ee oe _. Bowl ha? 
=< : c= E! i So ~~ Large balloon eT 
= - > | > Fal : ; Scissors ath x 
" = ia wea 1 ia - Sticky tape , ou. 
gee oe tes te None > . =~ Pets Two drinking straws : a 
< SR ne eh OS : ; nd falls { day to da i. Sheet of card 
The pressure of the air around us rises and falls trom day © Yoo. Marker pén 
- You can't feel it changing, but you can see It happening by making ® Ruler 
oe ae Soke) . 
~_an instrument called a barometers OREN a2 
eo A 
wi on : sels - eer | : ; 20 mins 
| ese 
| , « 
‘ “~- ) 3 - - . =x ‘ 
= , * . 
Make a short slit | 7: ea 
Sy Maton or SI Mi hg OFS Ay oa peace ne ~ 
. er mm the Srey Bue tan Teac A oa gee oom - 
+ NS a ae Caen it. Tape - eh ciel he 
4 Pon aee uaptneking a. __ them together and then Serer 6 DSR: Sate 
pe era O10 the middle of ie ballon sat ants AUER Gee eee : 
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HOW DOES 
THIS WORK? = eS 


Warm air expands and rises, reducing the pressure of the air 
on the ground below. This is known as a low-pressure zone. 
Cold air is heavier. It sinks and presses more on the ground, — 
forming a high-pressure area. The more air pressure there is, — 
the more the air is pressing down on the balloon skin of your 
barometer, pushing it into the bowl and making the pointer 
rise. Air pressure also causes wind, as wind always blows 
from a high-pressure zone to a low-pressure zone. The 
greater the difference in pressure, the stronger the wind. 





Cool air sinks 















Warm air rises .........2% : 






Cool air moves towards 
low pressure area, 
causing wind ._._! 
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De Raa YOU WILL NEED: 


Spe ‘1 goa ce . -. _& .... -< . Four paper cups 


es wl N D 
~~ =" = Paper plate 
, pb. ; ny Felt-tip pen 
iis —S Stapler 
rs ae ~~ Pencil with an eraser 


_ Drawing pin 
Wind speed i IS measured by a device called an iantohuier Inthis | conanael 
homemade version, as the wind whips by it makes the cups whizz : 

around in a circle. Their speed shows how fast the wind j IS blowing. . g E 4 
20 mins 





te, 








F 


draw across on it to find 
the centre. Mark one of 
ie your cups with a thick stripe 
using your felt-tip pen. 


- 
= 
= 
a 


7 o Arrange your cups so thats = 
they are allfacingthesame 
direction on the rim of the 
paper plate. Staple them in place 


: Take your paper plate and 













r at the four'points of the cross. 
e ; « . 4 i 
- ty ; « 
BAR Ppa. | 6. A 
@® Push a drawing pin through 
the centre of the cross 
; WW into the rubber on the end of 


the pencil. Test the cups to make 
Sure they can’spin around easily. 










Isobars 
Meteorologists measure the air pressure in 
lots of different places and mark the results 
on maps. Areas of similar pressure are linked 
with lines called isobars. These lines encircle 
areas of high and low pressure. Where there 











AROUND US 









fall 
3 is a high, there is usually dry, fine weather. 
Z| Lows usually bring rain. Where the isobars 
ial 






are closer together, the wind blows faster. 





$C 


big lump of modelling clay and watch the 

cups spin. Using a stopwatch, count how 
many times the marked cup passes around in 
a minute. The more revolutions per minute, the 
faster the wind is blowing. 


él On a windy day, stick the pencil into a 
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YOU WILL NEED: 


Large, flat-sided jar 
Warm water 
Resealable bag 

Ice cubes 

Black card 


OUD : 


oceans and condenses | Sticky tape 


. ts x 








> ium 


aie a the 
m when water evaporates from ; 
as Shieh above the ground. Tiny droplets of water form aroun 


d. 
. , together"to form a clou 
‘~eqecopic specks of dust, then come . Pe 
renee fe wisps of cloud from ice, water, and smoke glad 













Tape the black card to the jar 





to create a dark background. 
Fill about a quarter of the jar 
with warm water from a tap. 






Water vapour 
denses when 






ee | Z Quickly put the bag 
#% Fill the sandwich bag with ~ ie of ice on top of the 
@ ice cubes and seal it shut. Ef Jar and watch as a 
mm Make sure that it’s big ___ Cloud forms inside. 


enough to cover the top of the jar. 


Some of" the 
warm water 
evaporates 
and (SAS 






ToP TIP 
e match, 


‘nq out th 
a eos : ait a second oF 





match. and then blow it 
out. Wait for a second or 
two and drop it into the jar. 


3 Get an adult to light a th too much smo 
S 


HOW DOES 
THIS WORIC? 


When oceans are warmed by sunlight, some of the water 7 
evaporates and becomes water vapour held in the air. As the 
warm air rises, it expands and cools until the water vapour 
must condense back into a liquid. But the water molecules 
need a solid surface to stick to before they can condense. 
Tiny dust particles in the air act as condensation nucle - 
sites where the vapour can condense and turn into tiny 
water droplets. The droplets build up in their millions to 
form a cloud. In the jar, smoke particles from the match act 
as nuclei to allow the vapour to condense into a cloud. 


......-. Water vapour 
condenses around 
tiny dust particles, 
forming clouds 






Sunlight warms 
the ocean -----\-- 


#---7---- Warm air containing 
water vapour rises 


SCIENCE IN SECONDS 


Water in the air 


All air contains some water vapour. Water vapour is a gas 
and you can’t see it, but by making the gas condense 
you can show that it is there. Fill a glass with crushed 
ice and add a tablespoon of salt. The salt will make the 
ice melt, drawing in heat from the surrounding air. This 
lowers the temperature of the glass so much that frost 
crystals grow on the outside. The water vapour in the air 
has turned to ice. If the glass wasn’t quite as cold, the 
vapour would condense into water droplets instead. 


The alass s so 
cold that ct 
makes water 
vapour a the 
ar freeze 
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SCIENCE AROUND.US = 


Types of cloud ‘ 


The three main cloud types are cirrus, cumulus, and stratus. 
Cirrus clouds are thin, wispy, and high in the sky, cumulus clouds 
are puffy and white with a flat base, and stratus clouds form 
layers or blankets. But these clouds come in many variations. 
Clouds with nimbus in the name indicate rain. In the right 
conditions cumulus clouds can grow taller and taller, forming 
giant cumulonimbus thunderclouds. 





Cirrus - thin, high clouds that form wisps and curls 
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Nimbostratus - low grey stratus (layer) clouds that threaten rain 
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YOU WILL NEED: © 



















Jar | ae 
| . : A Blotting paper or kitchen Five! ! ~ = 
| | = : dcan remain Ra Bese Broad bean seed ae 
ears, d see aecukeboea, nny — Water } oo 
For weeks month. or even years ntit will burst oS ae 
inactive. But when the conditions.are rigl eee = SS ; : oe 


into life andibegin to. grow. So, what's. going on? ith ay | ; 


le to ud for yourself, 
‘this experiment — ety . A 
= road bean seed ) 

this experiment Seinen Wert 


Start growing fast and 
are large, which a ee : : 
watch them develop, But you can 
Experiment with different 
Seeds = they ali take different 
times to germinate, 











: ‘ 
Pay PRC Are gS 
2 A® Fill the jar with the rolled — 
Sua ur ippeai seed i in water ‘up paper and wedge the > 
mm broad bean seed between ° 





fora aoe . Dip a piece 


of blo va prebor or kitchen the paper and the jar about 





halfway down. Ifthe paper won't. i Add2cm (0.8 in) of water 
~ prop up the seed by itself, pack . to the jar, but only.to a level 
_some-more paper inside the roll. I below the seed. Place the 
| = “y ? jar in a warm, dark place so that 


the seed can germinate. 


HOW DOTS) 
THIS WORIC? 


Germination is the production of roots and shoots from a 

seed. In order to grow, the seed needs water, sunlight, and 
warmth. A seed contains food stores called cotyledons that hold 
all the energy it will need. When the seed absorbs water, it is 
prompted to start using its food store and swells up until the 
seed coat cracks. The plant embryo inside the seed begins to 
grow - the radicle (embryonic root) forces its way out and as it 
grows downwards, the plumule (embryonic shoot) emerges and 
begins to grow upwards. 


Cotyledon Dini ..----Seed coat is a 
protective shell 


Radicle 


(root) ------------5_--------------------| 
Oi ws Plumule 


(shoot) 





keeping the paper moist by 

adding drops of water if it 
feels dry. Eventually, a small root 
will sprout, growing downwards. 


ms él Leave the jar for a few days, 


green shoot will sprout from 

the bean, growing upwards 
seeking light. Move the jar into a 
sunny spot to help the shoot grow. 


Cc. After several more days, a 
wd) 








Cold storage 


To try and prevent plant species from becoming extinct, the Millennium 
Seed Bank in Kew, England, holds 1.5 billion seeds from around the 
world, making it the world’s largest wild seed bank. To preserve the 
seeds for hundreds of years without them dying, they are dried out 

and frozen at -20°C (-4°F). To make sure that the seeds are surviving 
the freezing process and will be able to grow in the future, a sample 

of the seeds are defrosted and germinated every 10 years. 


Growing race 


This experiment takes seconds to set up, but you’ll need to 
monitor it for a couple of weeks. Fill three pots with soil and 

plant a sprouting bean seed (step 5, left) into each of them, with 
the seed and roots under the soil surface. Label the pots 1 to 3. 
Place pots 1 and 2 near a window and pot 3 in a cupboard. Water 
pots 1 and 3 alittle every day for 3 weeks. Pot 1 will have grown 
the most because it has light, water, and nutrients. The other two 


won’t have grown much, or may have died, because pot 2 had 
no water and pot 3 had no light. 
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= Scissors 
i Black paint 
a o Paintbrush 









; Sticky tape 
Green plants always ‘grow towards the sunlight. lf sae. onsrpof = 
they will bend and turn in order to get.closer to a source Olgn" Runner bean seed 
e , ‘ : | Water 
They will even thread their way through amaze: 
—\ £ora 
qm 
Cut a hole in one end of = 1 week 
the shoe box. You will also = 
need to cut two cardboard <=" . >) 7 
squares slightly shorter than wr —_— 
the width of the.box. Q ————— J At the same time every day, 
>» 2 _— —— Z open the shoe box and add 
~ | *_ ad | some water to the pot to keep 
Si aL | the soil moist. After several days, a 
\ ees, shoot should emerge and eventually 


work its way out of the box. 


a Te 


_ = 
y #% Paint both sides of the squares 
| and the inside of the shoe box 
: mg black to help reduce light 
reflection. When the paint has fully 
dried, stand the box on its end and 
tape the cardboard squares inside. 






A® Fill aflowerpot with soil 
3 or compost and add a 
WI runner bean seed. Give 

the whole thing plenty of 
water. Put the pot in the 
shoe box and put the lid on. 





SCIENCI 


Following the Sun 

Some plants hold their leaves flat so 
as to catch as much light as possible. 
Others actually move so that they point 
towards the Sun. It’s easiest to see this 


in plants that have big, flat flower heads, 
| such as sunflowers. These plants with 
bright yellow petals move their flower 
heads to follow the Sun’s position as it 
moves from east to west during the 
day. This is called heliotropism. 
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Be very carefyl 





with the alcoholang <=  TW0 dishes 





























= the iodine. The alcoho) ; : . 
; Olis extr lodine and dropper 
si a C i, aaa : flammable and should only Meck Glass jar 
= : 5 = In . well-ventilated area, and the Saucepan 
+= a : am lodine is POlsonous and will stain Rubbing alcohol p 
Ss ! anything that it touches. * Black plastic 
: , “ei ; ' Geranium 
Through photosynthesis, green plants use sunlight to / Sticky tape 
~ make food, which they store in their leaves in the form 7 | ae 
ac a, ° ; ' . ; = | 
of starchy You can prove that photosynthesis has “Mee as 
occured by carrying outasimple test. - 
= re be 
‘ es , = > , ‘ ; # 
| & 
: [Place a geranium in good 
light. Wrap some black 
- plastic around one of the 2 
_ leaves-and tape it shut. Leave 
‘it there for at least two days 
before unwrapping it. ; ; 
; _ Ask an adult to heat #® Use tweezers to dip 
* some water inthe. the wrapped leaf and | 
lll Saucepan and stand WI a,regular leaf first into 
54, =e _your glass jar inside. Pour the water and:then into the 
HH OW 1D Ol: «? some alcohol into the jar ~ alcohol for a few minutes. » , 
. = m a and when it has warmed This strips the green ae 
i HISS WORIC ? up, remove it from the heat. colouring out of the leaves. s x 5) < . 
~ ” 7 ‘ 5 oe ae Ie ie 
A plant’s ability to grow towards the light is | 
called phototropism. A hormone called auxin 
collects on the shady side of the stem. ‘ 
lis swell up on 
weakens the agi se he ds the li Dip the leaves once more into the 
that side, bending the stem towards the lignt. Z eta cam eee 
by a process ove any alcoho 
<u Plants use light to make food by a p Segre : 
the energy in p e leaves in separate 
called photosynthesis. They use mee 
bon dioxide dishes. Drop some iodine onto each 
' sunlight to convert water and carbon 
: d starch leaf. The unwrapped leaf will go 
into glucose, an energy-rich sugar, an dark but the wrapped leaf will not 
Wrapping a leaf keeps light out and prevents 
photosynthesis. lodine changes colour in the 
presence of starch, so performing the test 
reveals that starch is no longer being produced. 
---------=--=Cells on the dark 
side expand 
: Wrapped leak 
, does not 
’ hen sunlight . > darken N vodine eee ey 
ee | Vawrapped leak 
: ‘iy oes dark when 
: —* ou drop rodine 
. onto ¢t 
+ % ; : =: = . r = - 
Pie Sear e-- = 
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IT COL 2UF 
LOWER 


fF but have eae . 
Plants = prodiice flowers in all colours, | 
. ever seen a flower. that is half one colour ‘and half =. 
anole fou can make one if you understand 


a bit Of pl an science. =. “ 
ont to ; x 












Es ng-s sternm 

_# particu well ee 
; ets n a chopping k 
n adult to 3 sos the f vs ; 
ea g 


halfway up the stem. Wrap 
- apiece of tape around the — 
m where the split stops, to 












HOW DOES 
THIS WORIC? 


Plants draw up water from the soil through their roots. It is 
by the xylem - stacked hollow 


transported through the stem 
ter rises up the xylem to the leaves 


cells that form a tube. The wa 

where some of it evaporates, or transpires. Losing water from the 
leaves like this makes the xylem suck more water up the stem. 

In this experiment, the stem is split so the water drawn up the 


stem is separated. Half of the flower receives clear water and 
the other half receives coloured water, so only half of the 


flower’s petals change colour. 
















Water evaporates 
from the leaves 















Water rises 
through the stem _..4.-\--.-.- 





Tubes called 
xylem carry 
the water 












Roots draw up 
water from the soil 








white tore - i ? The cut should extend about = 
_ i= 


prevent it from splittifig any further. 
a ™ 
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YOU WILL NEED: 
Two glasses we 
7 = Food colouring at 
. A white flower with along stem ass 
Sd does Sticky tape Sanka 
fee =~ Knife ; . j 
. Chopping board 
Water ; 
a 
. 1 hour 
(¥ Fill two glasses with water ““ < 
‘5 and add food colouring fo ‘= 
WW one of them. Place the 3. 
- = flower in the glasses, with half 
of the stem in each. | ’ 
* 
G a : y= | * 
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A Transpiration on the rise , . 
- Transpiration is an important part of Earth’s water cycle, 
moving large volumes of water from the ground to the 
atmosphere. A single sunflower transpires 1-2 litres 
(2.1-4.2 pints) of water every day. A field of corn transpires 
up to 15,000 litres (31,700 pints) of water a day. The level 
of transpiration in the Amazon rainforest is so great that it 
creates a visible mist above the canopy, and is partly why 
the rainforest is so humid. 
i Half of the 
Jlower's petals 
change colour 
Check the flower’s 
Z petals about every 
15 minutes or so. 
Eventually you'll find that 
half of them have turned red. 
Dye Travels up est ie; 
the flower's zs " ? 
stem Towards > * 
eewpe tals 2.8. ..--...---- oa 
a8 
— Streaky celery 
#4) The pipelines that carry 
—. | Water (xylems) are visible in some 
= plants. Pour a little water into a jar and 
naa add some red or blue food colouring. 
4% Stand astick of celery in the jar and 
fa leave it for a while. Check back at 
=~ || regular intervals and you should see bail) 
“| Lote in | the colouring rising up the stem. | 
The more e ere . 
son the water, | 
the stronger the . 
okkece will Be | 
i 
‘i i , 
== _e | 
The dye 
(Ses up 
ONS 7 C Ag tena nann--Loeene- 
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YOU WILLNEED: _| 
One limp carrot - 
“~~ Glass >to he 
Toothpicks ovr. 
Straw = Be, 
Modelling clay or wax 
4 Flee = Sugar : 
Se s, The membrane \S Water 
Ils in + ving things have thin linings, or membrane Ae Saieh Ne 5 
Cells | ble, which means that it allows some molecules : 
_-semi-permeadle, t is a barrier to larger molecules dissolved inthe FR 
_water = to pass through, ae I d osmosis,and x 
oT ter through amembrane is calle 
water. , The movement of water Re otra 
z ipa upd droopy carrot. = 
. > . : = = | je : = bf 
Take aitnprol carrot and. soy | = | # Dissolve a teaspoon of sugar in . 
a small hole in the top. Insert, | about a-tablespoon of water and . »----- Level of sugar 
| a straw into the hole and seal =o a pi $3 ‘put some of the solution in the ~ ie cae . 
any ga et nd it wit modelling _ a - straw. Mark the level on the straw with a brine Tie 
y C r melted candle wax. — | pen. ‘Wait two hours. The carrot itself will , carrot absorbs 
a, * } J be firmer, and the level of sugar water more water < 
: z in the straw will have risen. - 
fi 
4 Stick a toothpick into either side of = ~* S 
9 the carrot, near the top. Place t eee < aes ee 
mm carrot into a glass three-quarters J ; 
= ~ fullo of water, so that the carrot is mostly 
submerged, with the toothpicks : 
resting on the rim of the glass. 
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eS = > . ; = ° , 4 Two fresheggs ~ 
= - Me =~ a PO sy ~~ Sonos Vinegar | A 
— af - < F ee ; 2 X - i , be —~ =—- 
i ® - a - : , 


ee 2 a = gay Zea c= Water 
ee | e | ' ons = 7 we, re ~~ = Treacle or corn syrup 
- = ; ‘ te | . = ms ; | 
_.. When water moves through a semi-permeable membrane, it always 
moves towards the most concentrated solution. You can see this. in 
action by doing an experiment with eggs. An egg is surrounded by ds 
semi-permeable membrane, but to get to it you have to remove the shell. 
. _ , % : “4 ty eee 
Os one of the eggs into aglass of — e song 


water and the other in a glass of 
m™m™ treacle or corn syrup. Leave them for 
another 24 hours. The egg in the treacle or f Ose 
syrup will look considerably smaller than the s 


Le hte 
























































1% egg in the glass of water: Remove the.eggs — 
from the glasses and rinse off the treacle. “ e an 
. ¢ a a ' : ¥ 
= 
- a : . 
[J Place two eggs in a bowl and submerge | 
them in vinegar to dissolve the shell. 
_ _& This will take at least 24 hours. Remov 
the eggs; which will feel soft and rubbery. 
.— 
HOW DOES 
A mG > 
PHISs WORK? 
In osmosis, water travels from a less concentrated 
solution (with fewer dissolved molecules) through a 
“ semi-permeable membrane to amore concentrated 
solution (with more dissolved molecules). Water will 
flow from one to the other until the concentration Is 
the same on both sides. 
14F ,Water molecules move 
re through the membrane 
Dissolved molecule 
cannot pass through : 
When the limp carrot was placed in water, water . 
d passed from the glass into the carrot’s cells, making TOP TIP 
it firmer. Water also passed from the carrot into the Acetic acid in vine . 
aS r more concentrated sugar solution, making the level the calcium curse reaks down 
© |) inthe straw rise. Similarly, a de-shelled egg in water Shell, which is Why the aie egq's 
= t expands as it absorbs water. An egg In treacle or After you've s tropedt hes 'ssolves, 
: = corn syrup shrinks because water passes from the your eggs, Then weigh then a 
4 egg to the syrup, a concentrated sugar solution. after the Experiment to see kane 
much water they have 
ained or lost, 
- . 
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YOU WILL NEED: — 





Paper , t ne {> 
Scissors ~ 
Sticky tape or glue ih A 
Pencil 2 eal 
Coloured pens - iS i 
Ruler . 
u reatt? No-one 
ela aaa 
0 s because there is a split a d a Los RQ 
=: n receiving information and acting on i k 
> your reactions and compare them with those of your 4 30 mins 
< pee asthefastest :. 
& 7 “s = . a 
4 > — “= 
= - ~~ 4 i 7 a 5 . 
e a y ee 4 Sit re “i 
Place a ruler on a sheet of — ~ «a 
«paper and draw around it with : ! 
a the pencil. Cut this strip of Se ee a 
vais ny paper out and divide it into six . ~# . 
\ equal bands. Shade each of © " 
<n Ses ere colour. ‘> 
> . a, My =, ery . . 7 
” % ; = . * 3 a 
re a . #% Stick the whole strip to the . 
7 ’ : <8 ruler with either tape or 
. : = : e mm glue. Ask a friend to hold - 
ey - : , the top of the ruler so thatthe = 
E Ps E a. bottom end is hanging between 















Trick your taste buds 
Your brain works very quickly, but it uses 
information from all five senses to interpret ; * 
the world, and sometimes our senses 

mislead us. Fill three cups with different 

Clear fizzy drinks and get a friend to taste | 
them and guess what they are. Tell them to 
leave the room. Add different food colouring 
to each one. When they taste them again, | | 
see if their answers are different. oo 3 
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Stump your sense of smell 
Our senses of smell and taste are 
very Closely linked. The tongue can 
only identify sweet, sour, salty, bitter, 
and savoury tastes, but the nose is 
much more sensitive and helps you 
to identify things in more detail. 

Cut a pear in half, hold it under your 
nose and take a bite of an apple. It 
will taste as if you are eating a pear 
because of the stronger smell. 





your open thumb and forefinger. 
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BES Tp ea HOW DOES 
* *s oe : = LN oe 
esi 3 : se The ruler I HIS WORTC ? 
Fe 5 < falls quickly. 
eons A ene cae \ | When you see or hear something happen, 
: ee = ape : we ga 3 | | the information has to travel from your 
5 ~ OF (© otic a eyes or ears along nerves to the brain. 













Before you can act on what you've seen 
or heard, a signal has to travel from your 
brain to the muscles. All of this may 
happen in just a fifth ofasecond-this | 










is your reaction time. 
- | 
~ r Brain processes 
. information........ 







Eyes see 

















= something — 
, happen 
* 
~~ 
Peel “1 @¥® Ask your friend to drop the * _ Muscles receive 
ae 2 : y' ; 4 ¥. _ 
my ae ruler, without warning you. , ye ae MPP 
hee ee I When they do, grip it as fast | 
Pie NP as you can. The fewer bands that 
= . = : ‘ 1 
te ee slip through your fingers before you 
ied Poe “i grip it, the faster your reactions. = 
7 ae +“ 
: c nae is . 
toa ie 
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BER oe oe OS RT ee eae YOU WILL NEED: 
~~ PF -~ * a8 ~~ 
: ne : Strawberries Pare 
gor ' 100 ml (3 fl oz) water hol feat 
100 ml 3 fl 02) rubbing alcoho aos oe" 
@G Washing-up liquid ; a4 
. ye ae Salt ‘ 
ei tes a en Se < : : Large bowl 
x eee os —— Twojars 
SSE SS a So a, tic code, that . Fine sieve or strainer 
pa gs Sees. instructions, or genel d on along © Thermometer 
= fe he = > " e 
[Seas ntain a set of ins This code is store extract” sow 
> a aS Hi wu . ~ £ ° es ] 
All living cells fesatow and aay acid), You Saarie as an 
tells them eS called DNA (deoxyr! eyes with this expel ; Jug 
chainelike molecu d see it with your own ; - 
NA from cells an Rene th WARNING: 
Rubbing alcohol, also known 
mY 4S Surgical spirit, Contains a high 
z Concentration of pure alcohol. It is ‘ 
Used as an antiseptic, but it IS toxic, 
SO You must never drink it, It is also ie . eet 
> highly flammable, Use it only ing a : = x 
well-ventilated greg and do not on t 
inhale the fumes, = 
* ; = ets * ol 
= 
, « jar, mix the ; 
# na sécond jar, drops 
r with a few dro ie 
. of washing-up liqui - #®& Combine ries 
Pekar f salt. Stir them together the mashed up aaron r 
pee oe aa ee ubbles. and mix everything Beak ie | 
ch “ae at and dispose of any slowly and carefully for ee 3 Pour some hot water nes ae. 
ih oF “abel thatdoform. 2 minutes. Again, scoop out Z bowl and, if necessary, a rature 
metaem _.-Pubbles : any froth if necessary. cold water until the ae of 
oS : . °C (140°F). Stand tr 
: Is about 60°C (14 ve it ‘ 
; ane mashed fruit in the bow! and leave 
there for 15 minutes. > s 
sa | 
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iat S } Experiment with q kiwi, a banana, 
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te eas 
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| THIS WORK? ey 


Zs as 
re ¥‘ ! DNAis-stored deep within each cell’s nucleus, protected by a cell sieG i AS eaeeh 
ae ; . ww — 44 
~— § membrane and (in plant cells) a strong, outer cell wall. Mashing f AES ae 
te The white « 


~ 9) soup the fruit and warming it breaks down the cell walls, and the : 
washing-up liquid in the mixture dissolves the cell membranes. a woe ON 
* e a 


Salt makes the DNA clump together and the alcohol pulls it up | 
into a layer above the solution so that you can see it. The DNA 
is packed inside tiny, X-shaped structures called chromosomes, 
-— §) coiled up like a twisted ladder, called a double 

helix. The sequence of different chemicals |. 

that make up the rungs of the ladder is the WWE A 
code that holds the - 
genetic information. ~ ns if Vi 







a} Cin oni l¥ r yay di ays 


Sierie ; Uncoiled chromosome shows the 
a | double helix structure of DNA 





at the mixture through a | 
EY i sieve orastrainerinto ‘ c i. 


wD _a fresh glas 

s to filter out all - 

of the lumps. All you should have 6 ni taker ton the a 
n the side o 


left is the liquid — this is where — 
=; es Awl be. the glass very slowly so that it - 


Fed a - settles on top ) of your mixture. You 


* 
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: ; case | ' ree) ie i ~ 2 
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. ‘ 3 = a 7 
| | : Bs 2 | 
q “eh , iz iving things.are so.tiny 
| He caste SE Ee casts called bacteria e 
lly see them. mi 
yore r . : realwaysbeingtoldto ~ 
| e the reason you ar ‘ 
are all around us. They ar 1 Tee bani vat 
| can't see any dirt, you mig MK } 
wash your hands. If you cant st® © antl 
r - but this experiment will make you | 
: don't need to = but this exp ant | 
Pi a> Dy a | a 
aE: -— \ >. = 
- a I 
In a pan, mix the.agar flakes _ A® Let the mixture cool for A® |mmediately cover the 
with the water and two bouillon 10 minutés. Make sure that» dishes to keep unwanted 
‘cubes. Stir it over a low heat mm your shallow dishes are as e bugs out. Slide them inside 
. until everything dissolves. Bring clean as possible. Ask an adult to —_ plastic resealable bags or cover 
the mixture to the boil, then let it sterilize them with hot water or in them with clingfilm. Let the 
simmer for 30 minutes (to sterilize the oven. Pour the cool.mixture dishes stand until the mixture has 
it). This mixture provides food for * into the dishes so that the bottom _ set. Agar usually sets quickly 
; the bacteria and helps them grow. Of each dish is covered. without having'to go in the fridge. 
tr a adm 
ee HOW DOES 
== a a 
THIS WORIC? 
A single bacterium consists of just one tiny cell r about 
1,000 times smaller than a single cell from an animal. 
You could never see one with the naked eye, but when r 
. lots of them grow in one place then they become visible. 
7 Touching the agar mixture transfers bacteria from your 
finger to the dish. The bacteria feed by absorbing nutrients 
from the agar mixture, and they multiply in number by 
dividing in two again and again. After a few days, there 
are so many millions or even billions of bacteria that you 
can see them as a bacterial “culture”. 
pe 
Whiplike threads 
: used for swimming 
; -- Tough cell wall forms 
protective outer layer 
Inside the cell are all 
the chemicals that 
help the cell grow 
t y ~ Bacterium 
| \ e , 





’ 
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YOU WILL NEED: 


{litre (34 fl oz) water — 
15g (0.5 oz) agar flakes ~~ 
Two beef bouillon cubes 
Small, shallow dishes, which can be 

thrown away after the experiment 
Clingfilm or resealable bags 
Bleach (to kill the germs = adult use only) 





1 week 





=. 


To begin the experiment, 
Z L uncover a dish and swish 

a fingertip lightly across 
the surface of the mixture. Cover . 
the dish up again straight away 
afterwards. Use each dish to test 
a different. person. Label them 
so:'you know whose Is whose. 





a = = 
SCIENCE AROUND US on 

am Antibiotics 
Bacteria >= Medicines that kill bacteria are called 
Bacteria are found everywhere on Earth. = antibiotics. Before they were discovered, 
They float in the air, live in the soil, and are = there was little defence against harmful 
found all over plants and animals. Most = bacteria and a simple infection could 
bacteria are harmless, and some are vital to ~ be fatal. The first modern antibiotic 
life on Earth, breaking down organic waste re was discovered by accident. In 1928, 
and helping plants to take in nitrogen from = Alexander Fleming (1881-1955), a 

at medical researcher working in London, 


the air. But a few can be dangerous. 
They can cause food poisoning and 
serious diseases. The bacteria pictured, 
Streptococcus pyrogens, causes skin 
infections, sore throats, and scarlet fever. 


noticed that something had gone wrong 
with one of his culture plates. It was 
meant to be growing staphylococcus 
bacteria, but a mould had grown on the 
plate and killed some of the bacteria. 
He named the active substance in the 
mould penicillin and the antibiotic of the 
same name was developed from it. 





WARNING: ~ 


" Some bacterig Can cause 


Cc. Leave the dishes ina 
warm place. After two or 


Over the dishes sii ht 
ae without causing Splashes, ah 
Place them in bleach for an hour, then 


I three days you should see dispose of the ble 
something on the surface of the forget to w 
mixture. See what has grown 

after one week. Whose fingers 

had the most bugs? 


ach and dishes, Don't 
ash your hands! 


de x hae 


contain ane vp amoy UTA aia, 


ected eo the agar arxtvre 
providés aes fer 
the bacterta 
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HOME 
EXPERIMENTS 


Science experiments are often confined to the 
laboratory, but with a little ingenuity you can 
achieve some spectacular results at home, too. 
Whether you want to make endothermic ice 
cream In minutes, create a floating compass 
trom scratch, or test Isaac Newton’s laws of 
motion, our experiments have got you covered. 
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Make a 
zoetrope 
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Making 
hot ice 







Hg: Tl: Pb: Bi 


mp) Uut |Uug Uu 
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Double-slit 
experiment 
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EXPERIMENTS 


Discover science in the most fun way possible — by 
doing these awesome experiments in your own home! 


) If you've ever seen a picture of amedieval catapult microscopes and spotless purpose-built labs, but they 








| as and thought it looks amazing but you'd never be made huge headway with medicine, geology, engineering 
2 able to have one, think again. You can make one and maths, to name a few. With nothing but a plastic comb 
. in minutes! It’s just one of our great experiments you can you'll discover how to bend a stream of water, and by the 
a whe do at home, no lab coat required. Not only are they fun to end of the article you'll be flinging projectiles from your 
do, but they will also explain some of the basic partsofour very own catapult -safely, of course. 
) everyday lives, like how magnets work, the forces that Science is fascinating, but it can also be delicious. 
help to create lightning, and the reason why plants will Thankfully in this feature you'll also discover how to pour 
| stop at nothing to reach sunlight. an instant soda slushy and make ice cream in a bag in 30 
il ‘ F ! Using everyday items like combs, rubber bands and minutes flat. So if you have an enquiring mind and a few 
- string, we will demonstrate real science. After all, the things lying around the house, why not leap right in and ; 
Greeks, Romans and Egyptians never had electron give these experiments a try? ; 
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Levitating ice cubes 


Perform science-inspired magic by 
Sliding a string into a block of ice 





Make a compass from 
just a nailanda Katehi 





ChecWist 
| Y Nail Pe) aa) 
V Magnet How magnetising 


















i Jaxey! | _ 
ee wee ee eee - 
| you’ Y Bowl o way around 
— Can water 





How salt 


Qe 
V Was, is lowers the 
Ice cu freezing 
V String temperature 





V Salt . BEV Anes 


Drop the ice cube intoa glassofwater freezing point of water. After a few 
and lower a piece of string ontothetop minutes, the salt will dissolve, which 
of the ice cube. Next, shake alittlesalt | inturn enables the ice to re-freeze 
over it, which melts the ice. This is around the string, trapping it so you 
because salt molecules lower the can lift the cube. 


Were litte lg needle 
Stroke the nail with the magnet 50 rabeatcrcp eel 
the same direction. Puta marker on the end 
| you've stroked toward to help you identify it. 













, 2 Create a small electrical storm in 
7 your own kitchen 


What you'll 


etc lan 
Find out how 


a, 
a 


electricity is ae 
created thanks to y WL b bedal lal Rea 
| static charges and Magnetic objects naturally poin 28 : 
mee Toltta tole PRT CHER CRO cnt a Cogent 


spin unhindered until it finds the direction. 


Checklist 


V Plastic fork 









V Tin Toil 
 ¥ Balloon WARNING 
VY Rubber Baa aTeRT otees 
glove MAKE SURE YOU 





(@) 
HAVE AN ADULT 
WITH YOU 


Wrap the fork in silver foil and rub the the fork. Touch the tin foil with your 


balloon all over your hair, giving ita ungloved hand and take it away. A a nae ar 
negative charge. Puttheballoondown small spark of static electricity should Ue mibpetete NET r tits 
and touch it with the fork, using your appear as electrons leap from the fork Sc ee 


the atoms. It points north because thatis the 


loved hand. This transfers electronsto toyour hand. caus 3 
- direction Earth’s magnetic field lines point. 


= 






‘+ 


Soundboard | 





Checklist 


DIY catapult 
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Block of 
wood zzz How to defeat your medieval gar nes 
Spoon AZ enemies with physics A canmanipulatea 
Rubber band 
x 2 Adding a Make : 
Drawing pin sling on the the base 
4 end can send “s 1 | 
, the projectile a rales Z Checklist 
much farther weighty block Guitar 
as the extra of wood, about 2.5cm (1in) thick. Plastic board 
movement 
oasataat © Wrap two rubber bands around the Metal board 
more energy front, one above the other, secured Decibel 















The best release 
angle is 45 degrees, 
exactly halfway 


either side by a drawing pin. 


e. Create 
the 
\ catapult 
at Slip a spoon in 


between the wood and the rubber 


between bein . 3s ps 
vertical and 7 The faster you _ bands, with the head pointing up. 
horizontal retouae a nrolectlies This will form the main part of 
Cerne the more kinetic ee 
energy it receives, your catapult arm. 
sending it farther 
. . The 
Pulling the spoon - . } crossbar 
back from the : 
head stretches LA = Build : crossbar 
the rubber bands, by gluing two 
creating energy pieces of wood to a horizontal one. 





Use a protractor to see when the 
spoon’s angle is 45 degrees and glue 
the structure on either side. 


Turn summer 
to autumn 


Change the colour of leaves 











Checklist In ajar, mash up 
Leaves : : 
Rubbing leaves with rubbing 
nea alcohol. Put the jar 
Jar into a bowl filled with 
fies at hot water and cover. 
Hot water After 30 minutes, 

place a coffee filter in 


the solution. An hour 
later, the leaf will look 
autumnal, as the 
levels of chlorophyll, 
which makes leaves 
green, .reduce in 
autumn, so other 
colours can be seen. 


VIN Tes 


RUBBING ALCOHOL 
IS DANGEROUS. 






weter 


Using a decibel app, play a note 


| while holding a sheet of plastic 


above the guitar and record how 
loud it is. Change materials to see 
how some absorb sound and 

| others deflect it. 


“The best 
release 
ongle 

for the 
catapult is 
45 deqrees, 
exactly 
halfway 
between 
being 
horizontal 
ond 
vertical” 








Parse. 3 : 
Hair doesn’t conduct 
Bending water tol A 
. . time you comb it, you are 


How to use electron transfer to make \ ) we | a peal 
water bend before your eyes Se 





This makes the 








comb negatively 
e charged as it has 
Chechlist saan atest 
Water tap 
Cow 
Hair 


The comb and 
your hair initially 
have a fairly even 
proportion of 





Rubbing the 








electrons com: SILY DUE \ When the comb is near the 
hair moves E 
water, the electrons jump 
electrons to : Se esi 
off it and everything is 
the comb : 
~ balanced again 
Charge Force of Coming ) 
the comb attraction together . 
Rub the comb on Start the water This desire to 
your hair. This will running atavery slow transfer electrons 
transfer electrons _ stream. The = pulls the positively 
onto the comb and negatively charged ™ charged water 
negatively charge it. comb repels some of i oa | toward the comb 
As you are grounded, electrons will come the electrons in the water. This creates a when it’s held in a nearby position. The 
from the ground and balance you, but the positive charge in the stream so it is force that attracted the two together is 
comb remains full of negative charge. attracted towards the comb. called static electricity. 


Instant soda slushy | 


Turn your ordinary fizzy drink into 
a delicious brain-freezing slushy 






Ice cream € 
ina bag 


How to create ice cream Checklist Shake the bottleand 


Bottle of freeze it for three 


| ae hours and 15 minutes 
; | 250m wilk/creaw to create a slushy. The > 
= 2. talolespoons i drink doesn’t totally > ; 
| 12. tablespoons st | = freeze because the i 
Ltalf teaspoon | . aie , —,” 
‘ vanilla extract é | a oe el ./ sugars, flavourings tren 
2, zip lock freezer bags yh - and carbon dioxide | 
Bag of ice — ! i bubbles lower its E. 
Mix together the milk or cream, sugar and vanilla extract and oe freezing point. 
dsalt into another and put the first When opened, the 


into azip lock bag. Pour the ice an aT 
eTeralcond steeccee sees RU CBLa te POET Oa EI o Menem riac toe -— carbon dioxide 
= 


+ 


should have solidified. The salt slightly lowers the ice temperature so rushes out, instantly 
re-raising the 
freezing point. 





her than completely frozen. 





the ice cream becomes cold and solid, rat 





Re-create 
g famous 
Victorian 
novelt 
toy with 
ust o few 
ousehold 
objects 


Before the advent of motion 
pictures, animated 
characters were confined to 
simple and novel toys, or 
old-fashioned shadow plays. 
One of the most successful of 


Step 1. Okay, in order to start 
creating your zoetrope you 
need to take your white paper 


Step | 





, 


strip and wrap it around the 
inner lip of one ofthe 
upturned coffee can lids. If 
the strip is too long, mark the 
point where the ends meet 
and then trim off the excess. 


these playthings was the 
zoetrope — invented in its 
modern incarnation by 
British mathematician 
William George Horner in 











1834 — which created an Next you have to takea 

illusion of movement from measurement of the length . 

the rapid spinning of static and divide your paper open! 

pictures. It became an equally into 12 segments maaan 
overnight sensation and by using your ruler and pencil to ren SS 





the 1860s Zoetropes were mark out each one. a 
commonly found in the mon - Griat ver ee RRReee* 
houses of the wealthy and = F 

privileged. Luckily, todaya Step Z 
DIY zoetrope can be made for 
little to no cost at all, with just 
asmall selection of everyday 
items. Try it out -they are 
genuinely fun little gadgets. 


.. Step 2. Now draw (or print off) a horse 
running, with each segment moving its 
position onwards. Importantly though, 
ensure that whatever action you draw ends 
up asa full circle by segment 12, as this way 
the zoetrope’s animation will play out on 
loop, with no break in the action. 


Step 3 


You will need: 


A3 white paper Cut 
nto 4 long stip) 
€ back card (cut nto 
ape i 
e can ls 






ale | 
Cratt “nike 
Liquid gue 


Ruler Step 3. The next thing to dois take your strip 
Soesors of black card and cut it down so it has the 
same length of your paper, but twice the 
width (ie the height). You can do this easily by 
just placing the white paper over the card 
and marking it with a pencil. Once this is 
done divide the top part of your black card as 
« you did with the white paper, with small 
pencil dashes to mark out each segment 
transition. Extend the pes nen he eae 
point to the top as shown. ~ oe reevieen 





Step 4. Now, with your 
scissors, cut either side of 
each pencil line on the top of 
the card down to the halfway 
line so that you are left with 
5mm (0.2in) gaps at each 
segment transition. These 
only need to be small so take 
your time. If you've 
completed this step-by-step 
correctly up to this point you 
should have something like 
this. Now put it to one side. 


Step 6. Now to assemble the 
zoetrope. Draw your pencil 
back out of the slit in the lid 
and place it to one side. Place 
the lid upside down ona 
level surface and squirt a 
thin line of glue around its 
inside rim. Pick up your 
black card strip and glue it in 
place, ensuring that the 
slatted windows are atthe 
top and the solid base at the 
bottom. Ifyou do this 
correctly you should be left 
witha crown-like structure 


as shown here. PSR en S SSE Sa Se hoe ee ees Sse e eee soe Wee eeTe Pee K SECC CE EeRE Eee ona : 






Step 5. With great care, take the craft knife and score an X-shape 
puncture in the centre of the coffee can lid. Don’t make this any 
larger than a centimetre. Once done try inserting your pencil 
through the slit. It should fit through and then get snagged on the 
metallic rubber holder on the end. Ifthe pencil is a little wobbly 
by step 7 you can always apply some glue or Blu-Tack to secure it. 


Step 7 


Step 7. Finally, take your paper strip and insert it into the 
base ofthe structure, ensuring the horses face outwards 
and that both ends meet without any crossover. Once 
satisfied with the fit, glue this in. Now place the second lid 
on top, reinsert your pencil as before and grip it between the 

palms ofyour hands. Rub your hands back and forth to 

rotate the pencil and the entire zoetrope, while viewing the X 
horses through the slatted windows. Amazingly the horses 
are now one that appears to be galloping. Congratulations, 
you have just built your very own zoetrope! = 







= 











The supercool 
liquid that 
instantly 
freezes 
at room 
temperature 


With this experiment, we 
will show that we can create a 
substance that isa liquid at 
room temperature but that 
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DOIT 
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immediately crystallises Step / Step 1. First, a litre of 

when disturbed, forming clear store-bought 

something that is known as vinegar must be 

hot ice. measured out. This must 
Hot ice isan amazingly cool be clear, as brown 

substance and the vinegar contains 

ingredients required to make ue cel 

it are really easy to obtain. ete See 

However, it is notoriously = ie ri d on oe aes 

difficult to make, and you to four tablespoons of 


probably won't get it right on 
your first attempt, but don’t 
give up hope. You can either 










baking soda (sodium 
bicarbonate) to the 
vinegar. This has to be 


re-melt any failed hot ice or done slowly, as the 
start over again, making sure reaction can make the 
to follow each step in the liquid explode over the 








side of the container. Stir 


method carefully. ; 

This isa great experiment this until all the baking 
toattempt at home andan eer ea ce c 
even better one to try out at tothahebtodoil. 


school. If done successfully, 
you can directly see the 
effects of crystallisation - 
there’s plenty of science 
embedded into the fun of 
seeing hot ice in action. 


You will need: _ 


IIe of clear vinegar 
U tablespooné of 
balang 5004 

Steel saucepan 














Step 2. You need to get rid of about 90% ofthe 
liquid, so leave it to boil for over 30 minutes. You'll 
start to notice a white substance on the side of the 
pan. This is sodium acetate, and a bit of this needs 
to be saved for later use. Eventually, a crust 
(sodium acetate anhydrous) will begin to form on 
the liquid. At this point, take it off the boil and 
transfer it into a container. This must be 
immediately covered to prevent the substance 
crystallising. You then need to cool it, so place itin 
an ice bath for 15 minutes or a fridge for a bit longer. 


Container 
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Step 4. The points where sodium acetate is introduced will begin to 
crystallise. After a few seconds the entire liquid will appear to freeze. 


process of crystallisation here is exothermic, so heat is given offas the 
liquid solidifies. So, what’s happened in this experiment? 


However, when touched, the substance is hot and not cold because the 


Step 3. The liquid Hot ice equation 
needs to cool below 
room temperature. This + <7 eal —_? 
anh = he See ie I ee) ee 
supercool liquid that sand anes 
will exhibit the 
characteristics of hot 
a + 
ice. Once it’s cooled, you CH a OO) O Na + H ae + UO 2 
can take the lid offand | } | | | | 
put some of the white Sodium acetate Water Carbon dioxide 
sodium acetate 
collected earlier in 
the liquid. ® 
Conclusion. Almost every substance has a freezing point, but for something to solidify the molecules must 
rearrange from a liquid to a solid or crystal arrangement. However, hot ice, or sodium acetate trihydrate, is a aA, 


supercool liquid where the molecules do not rearrange until they are disturbed, in this case by introducing 
sodium acetate. Hot ice melts at 58 degrees Celsius and isa crystalline solid at room temperature, allowing this 
effect to be produced as the baking soda and vinegar are heated. The unarranged molecular structure results 
in the occurrence of this crystallisation effect. You can re-use your hot ice by adding vinegar until the solid 
crystals are fully dissolved and repeating our method again. 


[Conclusion 
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Sir Isaac 
Newtons 
first law of 
motion with 
some easy 
to-find items 


If you've ever wanted to testa 
scientific theory at home then 
now’s your chance. Sir Isaac 
Newton’s first law of motion 
helps to explain the motion of 
conventional physical objects 
and systems. He implies that 
any object at rest will remain 
at rest unless an unbalanced 
force acts upon it. 

So, if you were to placea 
tennis ballin space and give 
ita shove, its momentum will 
keep it moving at the same 
speed andinthe same 
direction unless something 
bumps into it, and if left 
untouched its inertia will 
keep itin the same place. 

On Earth Newton’s law is 
complicated, however, by the 
permanent presence of 
gravity and friction, the 
former constantly pulling 
objects towards the ground 
while the latter slows them 
down. Does this disprove 
Newton’s first law? No, in fact 
these forces demonstrate its 
high probability, as you can 
see in this simple and 
easy-to-conduct experiment. 









You will need: 


| sheet of cara 

lacs ‘ar 

Cup of water 

Fenny Gn com wil 

do, however this 6 
called the penny drop 
experiment.) 

Selection of other 
come oF vavious 4126S 
Fenc| 
Selotape 








‘best used. 
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Step 1. Take your card and cut it 


into long thin strips vertically 


roughly 2cm wide, then tape the 
ends together so it forms a hoop. 
This experiment works best when 


the hoop is 8-10cm across. 
However, for variables to the 
experiment, take another two 


strips and make one smaller peor! 


and one larger. 


B 


Step 2. Next, 
take your glass 
jar and fill it with 
water roughly 
two thirds of the 
Way up. The 
water adds an 
extra level of 
data return, as 
we shall see 
later on, so itis 








Step 3. Third, put your water-filled glass ona level 
surface and then place the hoop on top of it, so that 
it radiates out from the centre of the jar like the face 
ofa fan. Finally, place your penny on top ofthe 
hoop so it is directly above the glass jar. The card 
hoop should support the penny and maintain its 
form if done correctly. Ifthe hoop deforms, you 
need thicker card. 
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e@ @ 
Stop! Science time! 
So how does this relate to Newton’s first law? Well, currently the penny 
is at rest, its inertia keeping it in the same place. Gravity, one of Earth’s 
meddling forces, is also being counteracted by the hoop, which itself is 


fixed in position by the neck of the jar. With gravity taken out ofthe 
equation and friction negligible, Newton’s law is currently ringing true. 


Step 4 —— 





Step 4. Okay, action time. 
Take your pencil out and hook 
it through the hoop. Now move 
your hand into position so the 
pencil is hovering by either 
the right or left side of the 
hoop at its equator. Now, in 
one swift movement, whip the 
hoop to the side and off the jar 
—just like a waiter whipping a 
tablecloth away - and watch 
the results. Ifyou have 
performed this step correctly 
the penny should drop 
straight down and landinthe 
glass of water, eventually 
resting at its bottom. Ifthis 
does not happen - ie, the 
penny falls to one side of the 
jar - try again with a faster 
hand movement. 
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Step 5. Right, before moving onto 
anything else, repeat the laststep 
but this time use either the 
smaller or larger hoop, ora 
smaller or larger coin. Ifreplicated 
correctly, you should notice how 
the success rate of the coin 
dropping straight down into the 
jar when using the larger hoop/ 
coin is less than it was before, 
while it is greater if using the 
smaller hoop/coin. Finally, notice 
how the coin’s speed decreases as 
it travels through the water - this 
demonstrates the increase in 
friction when moving through 
water over doing so in Earth's 
standard atmosphere. d 


Stop! 
Science time! 


When the original hoop was 
whipped away from the mouth of 
the jar, the force counteracting 
gravity was suddenly removed, 
allowing it to immediately exert 
its influence on the coin. The 
speed of the hoop’s withdrawal 
also mitigated the effects of 
friction on the penny’s centre of 
mass. Consequently, the coin was 
left suspended in its current 
position in the air with just the 
force of gravity to pullit downina 
straight trajectory into the glass. 
Ifthe experiment were carried 
out in the vacuum of space, 
however, with no gravitational 
force impressed upon the coin, 
this would not have happened. 
The increased/decreased 
contact area between the hoop 
and the coin affects the level of 
trajectory-altering friction, with 
the larger hoop inflicting more 
and the smaller one less, as your 
results should have shown. 
Consequently, if there did not 
have to be any contact between 
the coin and the hoop, there 
would be no physical friction - 
atmospheric drag remains 
though -and the coin’s straight 
course would not be altered. 
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Conclusion 


While Newton’s first law of 

motion may initially seem 
inconsistent with our 

experience on Earth, those 
experiences are in fact 

consistent. Simply put, an 

object will remain 

stationary or movingina 

straight line, providing no 
auxiliary forces act upon it. 

For us on Earth, though, 

any object (including 

human beings) will always a 
naturally be impressed 
upon by the forces of 
gravity and friction. 
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Understand 
the basics of 
wave-particle 
duality - 

with this 
simple home 
experiment 


English physicist Thomas 
Young’s 1801 experiment into 
wave-particle duality provided 
the base for the entire wave 
theory movement, identifying 
the phenomenon of 
interference and the 
inseparability of the wave and 
particle natures of light. Young 
observed that when light froma 
single source is split into two 
beams (through his two slits) 
and then recombined, the 
beams’ peaks and troughs 
might not bein phase. This, he 
discovered, was because when 
a peak and trough coincide they 
cancel each other out, leaving 
an area devoid of light. 

When two light waves meet 
of the same wavelengthin 
phase (they have matching 
positive or negative electric 
fields), they will add together to 
forma brighter light. However, 
ifthey are out of phase, with 
their electric fields cancelling 
each other out, they will 
combine to produce an absence 
of light. 

To test the theory ourselves, 
we just need to take a short and 
simple step into the world of 
quantum physics... 


You will need: 


| sheet of cara 
(blac) 
2 Loam cups 


Laser pen 
Sellotape 
Fen “nike 

Blu- Tack 
3 need|es 
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Step 2. Next, squish the laser pen into a large glob 
of Blu-Tack and then fix it to the bottom ofan 
upturned foam cup. This will be your firing 
platform, and it should look something like this. 
At this point, it would bea good idea to measure 
the height of your pen, as you will need to position 
your needles at the same height. 


ble-slit 
experime 


joe 
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Step 1. Start by taking your laser pen and 
taping its On button down, so that you get 
a consistent beam of light. By doing this 
you will ensure that you don’t have to 
tamper with the setup when it’s action 
time. After all, you will be firing the laser 
pointer through three very narrow 
needles, and any movement will throw off 
your results. Be careful while doing this, in 
order to avoid shining the light into 


anyone's eyes. 
Step 3 










Step 3. Now take your three needles and insert 
them side-by-side into the bottom of your second 
foam cup. This is harder than it sounds, as they will 
need to beas close together as possible but without 
breaking into each other’s puncture holes. Ifthe 
needles branch out at their ends, space them witha 
small blob of Blu-Tack. 


Step 4. Now take a sheet of black 
card and bend it slightly so it 
curves. This will allow you to 
stand it on its end, where it will 
remain upright without clamps. 

This will act as your firing board, 
onto which your laser pen will 
shine through the needle slits. 


Interference 
The light 
waves 
interfere with 
each other, 
adding 
together 
or cancelling 
each 
other out. 
os 
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—— 
Radiate == 
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Double slits 
Asingle light source passes 
through two slits. 


Step $ 


= 


Step 5. Finally, set up your three components like this onastable 
surface. Distance between each part is important in the return of 
optimal results. With a greater distance between pen, needles and card 
your interference pattern should have greater fringe spread (the light 
waves will diffract more), however if closer together you will get more 
intense bands of light and dark. Just experiment to see what works best 


for you. 


Step 6. Once you are happy with the experiment’s layout and that the 
laser pen is shining through the needles, kill the lights. Ifyou have been 
successful in your preparation you should have something like this 
marking your card —- narrow bands of interchanging light and no light 
radiating out in intensity from a central spot. Ifyour lines are too blurry 
and the fringes are blending together, try moving the pen closer to the 
needles. If you just get an intense red dot, ensure your needlesareclose .« 
enough together and that your pen, needles and card are not too close. 


i; 
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sion 
Conclu: 

So what have we learnt 
from this? Ifthe 
experiment has beena 
success, you'll havea 
single light source 
emanating from the laser 
pen that, once passing 
though the double needle 
slits, seems to generate 
multiple light bands on the 
black card, interspersed 
with bands of no light at 
all. Ifthis is the case for you 
then great, as you have just 
demonstrated how light 
particles (photons) act both 
as particles and as waves. 
The experiment has 
shown that when photons 
en masse (projected from 
the laser pen) pass through 
the two slits, they radiate 
outwards as waves — just 
like that of water waves - 
either combining or 
cancelling each other out 
dependent on their electric 
field. This explains why on 
the card we do not just 
have two narrow bands of 
light directly behind the 
two needle slits, but 
instead have a wide 

spread of light/dark bars 
stretching out horizontally. 
Take a look at our diagram 
on the left for a graphical 
representation of how 
these processes work. 
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Acid 

A substance that produces positively charged particles 
made of oxygen and hydrogen, called hydronium ions, 
when dissolved in water. Vinegar and citrus juices 

are acids. 


Aerial 


The part of a radio set that sends or receives 
radio signals. 


Aerodynamics 


The study of how gases, especially air, flow around 
solid objects. 


Air 

The mixture of gases that surrounds Earth. Air mainly 
consists of nitrogen (78%), oxygen (21%), and argon 
(0.9%). There are also small amounts of carbon dioxide, 
water vapour, and other gases. 


Air pressure 

The force exerted by molecules in the air pressing against 
something. Sometimes referred to as atmospheric 
pressure — the weight of the air molecules in Earth’s 
atmosphere pressing down on Earth’s surface. 


Air resistance 

The friction a solid object experiences as it moves 
through air. Objects that are streamlined encounter less 
air resistance and move more quickly through air. 


Alkali 


A base that can be dissolved in water. 


Amplitude 
The height of a wave, measured from its centre line 
to its peak. 


Anemometer 


A device for measuring the speed of the wind. 


Antibiotic 
A medicine that kills or slows the growth of 
micro-organisms, especially bacteria. 


Atom 

The smallest part of an element that has the 
chemical properties of the element. It is made of a 
positively charged nucleus surrounded by negatively 
charged electrons. The positive and negative charges 
are balanced, so an atom Is electrically neutral. 
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Bacteria 


Microscopic single-celled organisms, found almost 
everywhere on Earth. Most bacteria are harmless, but 
some can cause diseases. 


Barometer 


A device for measuring atmospheric pressure. 


Base 


Bases produce negatively charged particles in water, 


called hydroxyl ions. Baking soda and bleach are bases. 


Battery 
A device that uses a chemical reaction to make 
electricity. 


Camera obscura 


A darkened box or room with a hole or lens at one side 
that projects images onto a screen on the other side. 


Catalyst 

A substance that changes the rate of a chemical 
reaction without being changed permanently by 
the reaction itself. 


Catalytic converter 


Part of a vehicle engine that changes harmful exhaust 
gases into less harmful gases. 


Celsius 

A temperature scale named after Swedish scientist 
Anders Celsius (1701-1744). On the Celsius scale, 
water freezes at 0°C (82°F) and boils at 100°C (212°F). 


Centrifuge 

A machine used for spinning mixtures at high speed 
to separate the contents according to their mass 

or density. 


Centripetal force 

A force directed towards the centre of a curve or 
circle that makes a moving object travel in a curved 
or circular path. 


Charge 
An excess or shortage of electrons. Objects can be 
positively charged or negatively charged. 


Chemical 


Any substance that can change when joined or mixed 
with another substance. 


Chemical reaction 

A process during which one or more substances are 
changed into one or more new substances by 
rearranging their atoms. 


Chlorophyll 


The green substance in plants that is responsible for 
absorbing the light energy used in photosynthesis. 


Chromatography 
A process for separating a mixture by passing it through 
a material, such as paper. 


Chromosome 


A structure found in the nucleus of living cells that 
contains genetic information. Chromosomes are made 
of DNA and proteins. 


Circuit 
A complete and closed path around which an electric 
current can flow. 


Colloid 


A mixture of large molecules or tiny particles of one 
substance spread throughout a second substance. 


Combustion 


Another name for burning - a chemical reaction in 
which a substance combines with oxygen and gives 
out heat energy. 


Compound 


A substance containing atoms of two or more elements. 


Compression 


1. Squeezing something together into a smaller space. 
2. The part of a sound wave where the air molecules are 
squeezed together. 


Condensation 
A change of state where a gas turns into a liquid, usually 
because of a drop in temperature. 


Conduction 


The transfer of heat or electricity through something. 


Conductor 


A substance that allows heat or electricity to pass 
through it easily. 


Constellation 


A pattern of stars as observed from Earth. 


Convection 

The transfer of heat energy in a liquid or a gas caused 
by the tendency of warmer liquid or gas to rise, and 
colder liquid or gas to sink. 


Cotyledon 
The food stores that a young plant feeds off until it can 
carry out photosynthesis for itself. 


Crystal 


A solid with a highly regular arrangement of atoms. 


Density 


The amount of mass in a given volume. 


Diode 


An electronic component that lets an electric current 
pass through it in one direction only. 


DNA 


Deoxyribonucleic acid. Contains instructions for the 
growth and functioning of an organism. 


Drag 

Resistance to motion through a liquid or gas. Boats 
moving through water and aircraft moving through air 
are slowed down by drag. The faster something tries to 
move, the more drag it experiences. 


Effervescent 
Fizzing or giving off bubbles. 


Effort 


The force needed to move a load. 


Electric current 

A flow of electrons through a conductor. The size of an 
electric current is measured in amperes, or amps. The 
faster the electrons move, the greater the current. 


Electrochemistry 

The branch of chemistry concerned with the effect of 
electricity on chemical reactions, and the production 
of electricity by chemical reactions. 


Electrolyte 
A solution that conducts electricity, because it 
contains ions. 


Electromagnet 


A magnet that works only when an electric current 
is flowing through it. 


Electromagnetic spectrum 

A group of energy waves arranged in order of 
increasing wavelength. It includes radio waves, 
microwaves, infrared waves, visible light, ultraviolet 
waves, X-rays, and gamma rays. 


Electron 
A negatively charged particle of matter that orbits an 
atom’s nucleus. 


Element 
A substance that cannot be broken down into a simpler 
substance by chemical reactions. 


Emulsifier 
A substance that stops an emulsion from separating. 
Egg yolk is often used as an emulsifier in cookery. 


Emulsion 

Minute droplets of one liquid spread throughout a 

second liquid with which it normally does not mix. 

Milk is an emulsion of fat droplets in a watery fluid. 


Endothermic 


A process or chemical reaction that absorbs energy 
in the form of heat. 


Energy 

The ability or capacity to do work. Energy is measured 
in joules. It can take many forms, such as kinetic 
(movement) energy and potential (stored) energy. 


Evaporation 
A change of state where a liquid turns into a gas, 
usually because of an increase in temperature. 


Exothermic 


A process or chemical reaction that gives out energy 
in the form of heat. 


Fahrenheit 

A temperature scale named after German scientist 
Daniel Fahrenheit (1686-1736). On the Fahrenheit scale, 
water freezes at 32°F (0°C) and boils at 212°F (100°C). 


Filament 

A thin piece of wire that heats up when an electric current 
passes through it. Electric heaters and incandescent 
bulbs use filaments to produce heat or light. 


Fluorescent 
Absorbing light at one wavelength and then giving it out 
again at a different wavelength. 


Force 


A push or a pull that changes the motion of an object. 


Freezing 
A change of state that involves a liquid turning into 
a solid, usually by reducing its temperature. 


Frequency 


The number of waves, or cycles, that pass a point in 
a second, measured in cycles per second, or hertz. 


Friction 


A force caused by one surface rubbing against another. 


Galvanize 


Coat iron or steel with zinc to prevent it from rusting. 


Gamma rays 
Electromagnetic waves with the shortest wavelength on 
the electromagnetic spectrum. 


Gas 

One of the four states of matter. Gas molecules are 
further apart than those in liquids — they are not linked 
to each other at all, and expand to fill a container. 


Germination 


The point at which a seed begins to sprout into a plant 
after lying dormant in the soil. 


Glucose 


A simple sugar that is used as an energy source in many 
living things. 


Gravity 

An attractive force that all masses have. The greater 
the mass, the stronger the gravitational pull. Gravity 
holds moons in orbit around planets, and planets in 
orbit around stars. 


Haemoglobin 


The part of the blood that is responsible for transporting 
oxygen around the body. 


Heat 


A form of energy, caused by the motion of molecules. 
Heat flows from hot substances to cold substances, and 
is transferred by conduction, convection, and radiation. 


Hemisphere 


Half of a sphere. 


Hydraulic 

Moved or operated by a liquid. Hydraulic machinery 
is powered by a liquid (usually oil or water) pumped 
through pipes at high pressure. 


Incandescent 


Glowing because of heat. 


Indicator 


A substance that changes colour when it is mixed with 
an acid or a base. 


Inert 


Chemically non-reactive. 


Infrared 


Electromagnetic radiation that is outside of the visible 
spectrum and is commonly felt as heat. 
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Insulator 
A substance that does not let heat or an electric current 
pass through it easily. 


lon 
An atom or molecule that has an electric charge 
because it has gained or lost electrons. 


Isobar 


A line on a meteorological chart that connects areas 
of the same pressure. 


LED 


Light emitting diode. An electronic component that 
lights up when a small electric current flows through it. 


Lens 


A piece of transparent plastic or glass that bends light 
rays together or apart as they pass through it. 


Lift 
A force that acts upwards. For example, the force that 
supports the weight of an aircraft when it is flying. 


Liquid 

One of the four states of matter. A liquid is made of 
molecules that are further away and not as rigidly linked 
as those in solids. A liquid flows to take up the shape 
of its container. 


Load 


A heavy object. 


Machine 


A device that changes one force into another to make 
work easier. 


Magnet 
A piece of material that attracts some metals, 
especially iron. 


Magnetic field 


The area around a magnet in which its effects are felt. 


Mass 


The amount of matter that something contains. 


Matter 


Everything that has mass and fills up space is made 
of matter. 


Mechanical advantage 


The increase of force that you get when you use a 
machine to do something. 


Melting 
A change of state that involves a solid turning into a 
liquid, usually by increasing its temperature. 
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Membrane 


A flexible barrier that controls the flow of material in and 
out of something, such as a cell. 


Meteorite 


A piece of rock or metal from space that passes through 
the atmosphere and lands on Earth’s surface. 


Meteorologist 


A scientist who studies the weather. 


Microorganism 
Any microscopic thing that is alive — including bacteria 
and fungi. 


Microphone 
A device that changes sound waves into an 
electric current. 


Microwave 
Electromagnetic radiation that has a wavelength shorter 
than radio waves but longer than infrared radiation. 


Mineral 

A naturally occurring substance, such as rock, produced 
by geological processes. Some minerals are valuable 
because metals or other useful materials can be 
extracted from them. These minerals are called ores. 


Mixture 


Two or more substances that are mixed together but are 
not chemically combined. 


Molecule 


The smallest part of an element or compound, made 
of two or more atoms linked together. 


Monomer 


A molecule that forms a polymer when repeated in 
a long chain. 


Motor 


A machine that changes electrical or chemical energy 
into motion. 


Neutralize 


To make an acid or a base into a neutral solution, i.e., 
make it neither acidic nor basic. 


Non-Newtonian fluid 

A liquid that behaves more like a solid when pressure 

is applied to it, and so does not obey the usual laws of 
fluids that were discovered by English scientist Sir Isaac 
Newton (1642-1727). 


Nucleation 

A process that creates gas bubbles in a liquid, or water 
droplets or ice crystals in air. The bubbles, droplets, or 
crystals form in or around points, holes, or specks 
called nucleation sites. 


Nucleus 


1. The central part of an atom. 
2. The part of a living cell that contains DNA and 
controls the cell’s growth and functioning. 


Oxidation 
The process where a substance reacts with oxygen 
to produce an oxide. Rusting is an oxidation reaction. 


Oxide 


A chemical compound containing oxygen. 


Oxygen 


One of the gases in air, essential for most of the life 
on Earth. 


Pendulum 


A weight hanging from a point so that it can swing freely. 


Photosynthesis 


The process by which green plants make food from 
carbon dioxide and water using the energy of sunlight. 


Phototropism 


A plant’s response to light — plants turn and bend so 
they grow towards light. 


Pitch 


The property of a sound that makes it high or low. 


Plant embryo 


The part of a seed that grows into a plant. It is made up 
of the plumule, the radicle, and one or two cotyledons. 


Plasma 
A gas-like state of matter so hot that its atoms lose 
their electrons. 


Plastic 


A material that is made of polymers and can be 
moulded and shaped when soft. Plastics are strong, 
supple, and very versatile. 


Plumule 


The part of a seed that becomes a plant’s shoot. 


Pneumatic 


Moved or operated by pressurized gas, usually air. 


Polymer 


A simple molecule, that is made up of a monomer 
repeated in long chains. 


Power 

The rate at which work is done or energy is converted 
from one form to another form. Power is measured 

in watts. 


Pressure 

The amount of force that is acting on a given area. 
Pressure is measured in newtons per square metre (also 
called Pascals) and pounds per square inch. 


Pulley 

A type of simple machine consisting of a wheel with a 
groove around the rim to take a rope. A pulley changes 
the direction of a force. Two or more pulleys used 
together make it easier to lift a load. 


Quinine 

A bitter-tasting chemical compound that is used as an 
ingredient in tonic water. It glows when an ultraviolet 
light is shone on it. 


Radiation 

1. Energy travelling in the form of electromagnetic 
waves or particles. 

2. The transfer of waves of heat energy from a hotter to 
a cooler place. 


Radicle 


The part of a seed that becomes a plant’s root. 


Radio wave 


The longest waves on the electromagnetic spectrum. 
They have the lowest frequency and lowest energy. 


Reaction 

1. Aresponse to something happening. 

2. A force that is the same in magnitude, but opposite in 
direction, to another force. Every force has a reaction. 

3. See chemical reaction. 


Reflection 


A change in direction of a wave, such as light or sound, 
when it bounces off a surface. 


Refraction 

A change in direction of a wave, such as light or sound, 
when it travels from one substance into a different 
substance, or through a lens. 


Resistance 


A measure of how much an electrical component 
opposes the flow of electric current. 


Resonance 


The tendency of an object to vibrate more strongly at 
some frequencies than others. 


Rotor 


The rotating part of a machine. 


Salt 


1. A substance that is formed by a chemical reaction 
between an acid and a base. 
2. Another name for sodium chloride. 


Semi-permeable 


Allowing some things to pass through, but not others. 


Siphon 

A tube that transfers a liquid upwards from one 
container and down to another at a lower level by 
atmospheric pressure and gravity. 


Solid 


One of the four states of matter. Solids are made of 
molecules that are arranged in a regular pattern. Solid 
materials have a definite shape. They do not flow or 
take up the shape of their container. 


Solution 
A solid, liquid, or gas that is a mixture of one substance 
dissolved evenly in another substance. 


Spectroscopy 
The study of the light that an object gives out. 


Spectrum 
A band of colours or electromagnetic waves, spread out 
in the order of their wavelengths. 


State of matter 


One of the four forms in which matter exists — solid, 
liquid, gas, and plasma. 


Static electricity 


An electric charge caused by a build-up of electrons on 
the surface of something. 


Steam 

The gaseous state of water, also known as water 
vapour. At sea level, water normally boils and changes 
to steam at 100°C (212°F). Sometimes used to refer to 
the cloud of droplets that you see as a mist, for example 
from a boiling kettle, when water vapour condenses 
back into liquid in the air. The drops you can see are 
water; steam is invisible. 


Streamlined 

Shaped in a way that offers very little resistance to the 
flow of liquid or gas. A fish with a streamlined body 
moves through water easily. High-speed cars, trains, 
and aircraft have streamlined bodies. 


Sublimation 


A change of state where a solid turns directly into a gas, 
without becoming a liquid first. 


Surface tension 

A skin-like property of the surface of a liquid, caused 
by the molecules on the liquid’s surface being bonded 
together more strongly than those underneath. 


Thrust 


A force that propels a vehicle in one direction, usually by 
accelerating gas in the opposite direction by means of a 
jet or rocket engine. 


Transpiration 

The process by which plants move water from the 
ground by taking it up through their roots, moving it 
through the plant, and then evaporating it from their 
leaves and flowers. 


Ultraviolet 


A form of electromagnetic radiation with a wavelength 
shorter than visible light and longer than X-rays. 


Voltage 
The electrical pressure that pushes electrons around 
a Circuit. 


Volume 


The size of the three-dimensional space occupied 
by something or enclosing something. 


Water vapour 
Water in its gas form, usually formed after boiling water 
or melting ice. 


Wavelength 
The distance between the crest of one wave and the 
crest of the next wave. 


Weight 

The force of gravity acting on a mass. Mass is constant, 
but weight changes with the gravity acting upon it. For 
example, on the Moon you weigh only one sixth of your 
weight on Earth as the Moon’s gravitational pull is 
weaker than Earth’s. 


Work 


The amount of energy needed to perform a task. 


X-ray 

Electromagnetic radiation with high energy and short 
wavelength. X-rays have wavelengths shorter than 
ultraviolet light but longer than gamma rays. 


Xylem 
Pipe-like tissue in plants that transports water from the 
roots to the rest of the plant. 
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acids 36-39 
aerodynamics 52-53 
agar 136 
air pressure 58-63, 67, 120 
isobars 121 
air resistance 50, 51 
see also drag 
aircraft 52-53 
contrails 64 
alkalis 36 
alum 16-17 
amber 101 
amperes (amps) 103 
amplifier 95 
anemometer 121 
antibiotics 137 
apple, preserving 33 
aqueduct, Roman 44 
arches 44 
Archimedes 21 
architecture 44 
arrested descent 49 
astronomy 83, 88-89 
atoms 32, 82, 83, 98, 103 
in magnetic materials 113 
aurorae 12 


bacteria 136-137 
baking soda 38, 39 
balloon hovercraft 54-55 
bananas, over-ripe 85 
barometer 120 
bases 36-39 
batteries 106-107 
beach ball elevator 69 
blood 30, 113 
boats 
how they float 22 
paddle-powered 57 
steam-powered 78-79 
bomb, baking soda bag 39 
bottles, musical 94-95 
breakfast cereal 113 
bridges 44 
broad beans 124-125 
bubbles 14-15, 18-19, 24-25 
burning 32 
butter 28 
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C 


cabbage indicator 37 
cacti 128 
camera obscura 90-91 
can crusher 58 
carbon dioxide 14-15, 25, 39 
in pumice 29 
carbonic acid 39 
carrots, reviving 130-131 
cars 
exhaust gases 35 
wheels 56 
catalysts 34-35 
catalytic converters 35 
celery 129 
centre of gravity 50, 51 
centrifuge 30, 31 
centripetal force 48-49 
chemical reactions 32-35 
neutralization 38-39 
chemistry 11 
chlorophyll 85, 142 
chromatography 31 
chromosomes 135 
clouds 122-123 
colloids 28-29 
colours 24, 31, 80-83 
of flowers 128-129 
combustion 32 
compass 115, 141 
compounds 32 
compressions 93, 95 
condensation 122-123 
conduction 74 
conductors 100, 103, 105 
contrails 64 
convection currents 74 
copper plating 40 
cranes 70-71 
crystals 16-17 
Ctesibius of Alexandria 68 


D 


density 20-25, 74 
diggers, mechanical 69 
distillation 12 
divers 23 
DNA 134-135 
domes 44 
drag 50, 53, 55 
see also air resistance 


drag racer 56-57 
drench a friend 61 
dry ice 14-15 


E 


Edison, Thomas 105 
eggs, absorbent 131 
eggshells 44-45 
elasticity 56-57 
electric motors 116-117 
electricity 97, 115 
currents 102-103, 106-107, 108, 
115, 116 
resistance 104-105 
static 98-101 
electrolytes 106-107 
electromagnetism 114-117 
metal detector 110-111 
radiation 74, 81, 85 
electromagnets 114-115, 116 
electrons 98, 100, 101, 103, 105, 143 
electroplating 40-41 
electroscope 100-101 
elephant’s toothpaste 34-35 
emulsions and emulsifiers 28, 29 
endothermic reaction 32 
energy 32, 57, 73 
saving 105 
see also heat; light; sound 
exothermic reaction 32, 35 
eyes 90 


F 


fairground rides 48 
Faraday, Michael 115, 117 
filtration 31 
fire 32 
fizzy drinks 64-65, 143 
fizzy fountain 24-25 
flashlight 102-103 
Fleming, Alexander 137 
floating and sinking 22-23 
fluorescence 84-85, 105 
food preservation 33 
forces 43 
fountains 59 

lava 24-25 
frequencies 94-95, 108 
friction 54-55, 148-149 
frost 15, 123 
fruit 33, 85, 106, 132, 134-135 


G 


gases 12-13 


colloids 29 

convection currents 74 

exhaust 35 

in fizzy drinks 64 

spectroscopy and 83 

water vapour 123 
germination 124-125 
Goddard, Robert H 67 
gravity 50-51, 148-149 

and roots 124 

and siphon 63 
Guericke, Otto von 58 


H 


haemoglobin 113 
heat 76-79 
transfer 74-75 
hovercraft 54-55 
Hubble Space Telescope 88 
hydrangeas 37 
hydraulics 68-69 
hydrogen peroxide 34-35 
hydronium and hydroxyl ions 36 


ice 13, 76-77, 143, 146-147 
can crusher 58 
dry ice 14-15 
salting 77 
indicators 36-37 
Industrial Revolution 79 
inks, coloured 31 
insulators 103 
iodine 127 
lonosphere 109 
ions 36, 40, 107 
iron 32, 40, 113 
isobars 121 


J 


jelly, fluorescent 84 
jet packs 34 w 


L 


lava fountain 24-25 

lemon batteries 106 

lenses 88-89, 90-91 

lift 53 

light 144-145 
colours 80-83 
fluorescence 84-85 
focusing 90-91 
photosynthesis 126-127 


reflection 86-87 
refraction 88-89 
spectroscopy 82-83 
torch 102-103 
ultraviolet 84, 85 
wavelengths 81, 83 

light bulbs 104-105, 107 

lightning 93, 99, 141 

liquids 12-13, 14 
convection currents 74 
density 20, 22-25, 74 
hydraulics 68-69 
mixtures 29 
non-Newtonian 26, 27 
siphoning 63vw 
surface tension 18-19 
see also water 


maglev trains 114 
magnetism 97, 112-113, 115, 141 
see also electromagnetism 
mass 20, 21 
matter 11 
states of 12-13 
mechanical advantage 71 
membranes 130, 131 
metal detectors 110-111 
meteorites 112 
micro-organisms 33 
microphone 92-93 
Millennium Seed Bank 125 
mine detectors 110 
mirrors 86-87 
missile launcher 62-63 
mixtures 28-29 
separating 30-31 
molecules 32 
and friction 54 
heating and cooling 13, 14, 74 
in liquids 14, 19, 20 
and osmosis 130 
stretching 57 
Moon 51 
motion, laws of 46-47, 79, 148 
motors, electric 116-117 
musical instruments 68, 94-95 


N 


neutralization 38-39 
Newcomen, Thomas 79 
Newton, Isaac 26, 46, 79 
Niepce, Joseph 91 
nucleation 64-65 


0 


Oersted, Hans Christian 115 
oll 
density 20, 24-25 
emulsified 29 
Orion Nebula 83 
Oscars (Academy Awards) 41 
osmosis 130-131 
oven, solar 75 
oxidation 32 


p 


paper chromatography 31 

paper planes 52-53 

parachutes 50 

pendulums 49 

penicillin 137 

periscope 86-87 

photography 91 

photosynthesis 126-127 

phototropism 127 

plants 85, 124-127 
osmosis 130-131 
transpiration 128-129 

plasma 12 

plastic 26, 27 

plating 40-41 

pneumatic tubes 63 

polymers 26-27 

pond skaters 19 

pulleys 70-71 

pumice 29 


Q 


quicksand 27 
quinine 84, 85 


R 


radiation 
electromagnetic 74, 81, 85 
solar 74, 75 
radio, homemade 108-109 
radio signals 108-109, 111 
rainbow colours 80-83 
rainforest 129 
reactions, human 132-133 
reflection 86-87 
refraction 88-89 
refrigeration 33 
resistance, electrical 104-105 
resonance frequency 94-95 
rockets 
bottle 46-47 


fuel 34, 67 

space 47, 66, 67 

two-stage 66-67 
rotting fruit 33 
rubber bands 56-57 
rust 32 


S 


salt 77, 107 
science, benefits of 119 
seeds, germinating 124-125 
senses 132-133 
shapes 
streamlined 55 
strong 44-45 
silver 
as catalyst 34 
cleaning 41 
silver sulphide 40, 41 
siphon 63 
slime 26-27 
smell 132 
snake charming 98 
soda shoot 64-65 
solids 12, 13 
sorbet 77 
sound 92-95, 108, 142 
spectroscopy 82-83 
spinning 48-49 
centrifuge 30, 31 
sports 133 
squares 45 
starch 26, 27, 127 
stars 83, 88 
static electricity 98-101 
steam power /8-/9 
Streptococcus pyrogens 137 
sublimation 14-15 
submarines 23, 87 
suction, unsuccessful 58 
sugar 16 
Sun 
colours of visible light 80 
photosynthesis 126-127 
radiation 74, 75 
ultraviolet rays 85 
sunflowers 126, 129 
surface tension 18-19 
swinging 49 


T 


taste 132 

telescope 88-89 
thrust 53 
thunderstorms 93, 99 


tonic water 84, 85 
torch 102-103 
traction 56, 57 
transpiration 128-129 
trees 130 

triangles 44 

turbines 79 


U 


ultraviolet light 84, 85 


V 


vibrations 94-95 
vinegar 32, 39, 40, 131 
volcanoes 38-39 
Volta, Alessandro 107 
volume 21 


W 


water 
bending 101 
condensation 122-123 
density 20, 22-25, 74 
distillation 12 
as electrolyte 107 
freezing 13 
plants and 128-131 
and sound 92 
steam power 78-79 
surface tension 18-19 
see also liquids 
water vapour 123 
Watt, James 79 
wavelengths 
light 81, 83 
sound 95, 108 
wax lamps 25 
weather 120-123 
weight lifting 
hydraulics 69 
pulleys 70-71 
whales 92 
wind 120 
speed 121 


X 


xylem 128-129 


Y 


yeast 34-35 
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